
LIBKARY 

New Delhi 




EREAL Chemistry 

*abHslu*»l l)v tin* AiiK'riran As«i>ciation of Omil Cht*niists 


lidUor in Chief 
Assislant liditor 
Mnna^int> Editor 


W. F, Gbddks 

KATHMtliNT WrBB 

Donai-!) M Smith 


Editorial Board: 


J, Andhkson 
J. S. Anurews 
M. J. Bush 


G. Garnatz 
Betty Sullivan 
C . O . Swanson 


11 - 

VOIJTMK XXr • Nos. 1-6 
JANUARY NOVEMBER, 1946 


Lancaster, Pennsylvania 
1946 




CONTENTS 


NuMitER 1, January, 1946 

Methods for Determination of Alpha-Amylasi'. II. Liquefyinji 
and Dextrinizing Activities of iUpha-Amylases from DitTomit 

Sources. Sutton Redfern and Quick Lawiis . 1 

Supercentrifugates from Dough. J. C. Baker, II. K. Parker, and 

M.D.Mize . 16 

The Distribution of Water in Dough. J. C. Baker, II. K. Parker, 

and M.D.Mize . >10 

Gas Occlusion During Dough Mixing. J. C. Baker and M. I). 

Mize . .19 

Effect of Leaf and Stem Rust on the Phosphorus Metabolism of 
Hard Red Spring Wheat. A. Iloffer, W. F. Geddes, and M. N. 

Levine . 52 

Rapid Determination of Bromate in Flour. A. A. Towner and 

R. C. Koehn . 64 

Rapid Method for the Determination of Bromate in Bromated 

Flours. A. Tloffer and A. IV. Alcock . 66 

'Phe Distribution of Thiamin<‘ in Wheat Seedlings at Different 
Stages of Germination in the Dark. A. Iloffer, A. W. Akock, 

and W. F. Geddes . 76 

Further Studies on the Mechanism of the Action of Oxidation an<l 

Reduction on Flour. Marjorie Howe .^4 

Analyses of Double-Cross Hybrid Com Varieti<‘s Prcxluccd <m 

Farms. J. J. Curtis afid F. R. Earle . 88 

Loaf Volume Potentialities, Buffering Capacity, and Other Bak- 
, ing Properties of Soy Flour in Blends with Spring Wheat b'lour. 

Karl F. Finney . 

ICffect of Yeast, Bromate, and Fermentation on Brearl Containing m,. 

Soy Flour. E. G. Bayfield and Emery C. Swanson . 

Book Review. Methods of Analysis of the American .Society of 
Brewing Chemists. Prepared by 'Pivhnical ('ommittt'e juid 

Editorial Board, Louis Ehrenfeld, ICditor. IKl 

Book Review. Physical Methods of Organic. Chemistry. I, 
Edited by Arnold Weis.sborger.•. tl4 

Number 2, March, 1946 

A Machine for Measuring the Estensibility and Resistance to 
Extension of Gluten. K. Illynka and J. Ansel Anderson.... US 
Essential Amino Acid Composition of Feed Materials. Werner 
Baumgarten, Adcffim N. Mather, and Leonard Stone . 135 


















iv 


CONTI-'N'rS 


Effect of Method of ConibininK the InKralients uiKtn the 

of the Finished Cake. Ckvendolyn ft. Tinklin nml (Haiiys H. 

Vail . I 

Study of Some Fuetors Influencing the Ovidatioii of riiMininc (o 

Thiochrome. JI. A. Watson .1W> 

The Phosphorylast' of W.ay Mai/e. Uitira lUhs ami Nellk M. 

Naylor . 1^7 , 

Some Effects of Cabinet Fermentation on Sponge Tenipt‘ratHn> 
and Dough and Bread Char.icteristies. Floytl Siitomiover, 

Jacob FreiUch, and Sutton Redfern . 1H<* 

Amino Acids in Corn Grain from SevemI Single Cross Hybrids. 

D. M. Doty, Merlin S. Jiergdoll, Jlarold A. .Vasit, ami A. M. 

Brunson . 

An Automatic Device for the Measurement of this I*n«Im’ti«tn 
and Gas Retention in Doughs. Fjirl li. Working ami iiiiwry 

C. Swanson ... .!It) 

Effect of Flour Lipids on Recovery of («lnten from Hard .nul Soft 
Wheat Flours by the U.s<“ of Sulfit<* .Solutions. Irtvin 11’. 
Tucker . 217 

Numhkr 3, May, 1046 

Grain Storage Studies. III. 'riie Relation Between Moisture 
Content, Mold Growth, and Res|)iration of .S<n beans. Max 

Milner and W. F. Geddes . 

A Study of the Mill Streams Comimsing 80% Extr.iction h'lonr'^" 
with Particular Reforvner to Their Nutrient {'oiU<‘nt. C. H, 

Jones and 7\ Moran . 248 

Use of Spray-Dritnl Whole-lCgg Powder in .SjKinge ('nk<*H. Ruth 

Jordan and Margaret S, Pettijohn . 265 

Chemical State of Pho8i>horus in Standi iis ludi(*at(><I by 'ritration 
Curves on IClectnxHalyzeil Standies. I). R. Briggsam! Martin 

Ilanig . 277 

Preparation an<l Nitrogett Content of .Soybean Protein. William 

G. Smiley and AUan K.-jSmith .288 

Stalmg Studies on Breads Containing Waxy Maizi* Starch, P. 

P. Nomich, P. P. Merritt, and W. F. Geddes. ..267v 

Effect of Soy Flour and Nonfat Dry Milk .Solids in White Bread 
on the Nutritional Quality of the Protein as Mctisunil by 
Three Biological Methods. Shirley C. Carlson, F. 11. na^ner,f\ 

and J. W, Hayward. . yOgj 

The Vitamin B-Complox Contesnt of tlie ('ommercitd Milling 
Products of Egyptian Rice. Stanley A. Price .318 



















V« , luiii 


» < >NTI< NTS 


V 


The I min.ition of Molils in l*'lour. Clyde M. 

Chfi'itensen .. . /^22 

Kcl.itiousfiipof /.l■in (o tin- lol.il I'lotoinin Com. IK If. Hansen}-- ' 

Ji, Hrhnhiill, and (/. F Sltragm . 320 

Hook l<c%i<*w. Frontiers hi Chemhitry. IV. Major Instruments 
and I'lteit Af>(>lienttons to Chemistry, I'alili'ii 1)\' R. Iv. liurk 

. 111(1 Olh (‘I (iniminilt.335 

Hook Ri'\ icw. Organit Prefxtrations. Hy C'onriwl Wuygniul. 336 

.NuMHhR 4, July, 1946 

I’liotomtcroKr.iiilik' SUidit's of Wheat Starch. 1. ncvcloiimcnl 

of the .St«ird» (tr.inulcs, li. M. Sondstedt. ..337 

'!'!)(> Proteolytic Kn/.yn«* Activity of Millwl I'Vactions of Wh(jat 
and the Kffcct of Bnimute in Flour. Marjorie Howe and 

David Olick . 360 

()pen TroijRh .ind ('.ihiiu't Fernient.Uion of Bread Si)onj{(*R. Betty 

Sullivan and W. A. Richards . 365 

iMi inoKraniH and Mixograms as a Mi'ans of livaluating h'lourh for 
SptH’ific llw's. John A. Johnson, J, A . Shellenberger, and C. 

SuansoH .0^ 

FxUaisograph .Studies of Conmi(>rciui Idoiirs and I'heir Relation 
to (Vrtain Other PliV8i(\d Dough 'Pests. John A. Johnson, 

A, Shellenberger, and C. O. Swanson .KOO. 

.\mylograph Curve C'haracteristics of Various Tyiies of Coni- 
nierci.d Idours and 'I'heir Relation to Flour Maltose and Gas¬ 
sing I’ow(‘r Values. John A. Johnson, J. A. SheUerAerger, and 

C.O.SnHinson . 410 

Water Retention ('apaeity tia an Index of the Loaf Volume Polen- 
tialiti(‘H and Protein Quality of Ufuxl Rid Winter Wheats. 

, Karl F. Finney and William T. Yamasaki .. 416 

Composition of Hybrid ('om 'Passels. J. M. Van Uinen, F. W. 

Tanner, Jr., and Shirley E. Pfeiffer .4?8 

< las PriMluetion and Gas Retention of Dough as Affected by Type 
of h'lour, Htdeing Formula, and Amount of Mixing. F.mery C. 

Swanson and C. 0. Swanson . 432 

Report of the 1945 46 ('ommittet* on I'esf ing Biscuit and Cracker 

Flours. Frank R. Schwain . 440 

Book Review. Studies on the Nature of the Bromate Effect. By 
Holger Jjdrgensen. 446 

Numubr S, September, 1946 

Grain Storage Studies. IV. Biological and Chemical Factors In¬ 
volved in the Spontaneous Heating of Soybeans. Max Milner 
and W. F. Ceddes . 



















vi 


CONTENTS 


\ii! n 


The Effect of I^essureon Macaroni Dist'srSiA* and Ninnlwr i>f Air 
BubbUH? in Relation to LiRht Transmission. Clenfi S. Smith, 

R. 11. Harris, Ethel Jesperson, ami L, D. .SihhitI . . . 471 

A MkTO-Millinj> Technique Usiti}; th<‘ ilolstit tliinder. l\arl /•'. 

Finney and MW/«/h T, Yaniaatki 4K4 

A Study of Sorf>hHin an<I .Sornhuin .St.in'hes. /•'. E. llaran and 

Marie F. Ileider . 

('omposilion of the ('oniponent 1‘artsol the ('(tin Ki-iiiel. /•', R. 

Earle, J. J. Curtis, and J. E. lluhlnird .*lt>l 

Influence of hiRredients on 'rhiamine Ketenlion and yii.dil\ in 
Baking Iknvder Biscuits. Alice M. Hriant and .Mania R. 

Hutchins. 51 i 

Report of the 1945 46 Metluxls of .Xnalvsis .SulK'onunitleo on 

Thiamine Assay. Aaron Arnold . 5il 

Book Review. Hackh’s Chemital Dictionary. By Julius < iraiit S.>7 
Book Review. Official ami Tentative Methods of Anuly.Kis of the 
Association of Official Agricultural Cheniisis. i‘ublisluMl b\ 

the .\.(>.A.('. 527 

Book R(‘view. The linking Industry. B\ Mar\ Kiiuiavev Nhsm* 528 

.NtiMHKK 6, .NovI'.mhm<, 1946 

Effect of Parlmiling cm Thiannne in Rice. M. (\ kik 529 

Studies of the C'oinimsition of the Wheat Kernel. HI. HisirihU' 
tion of Ash and Protein in ('(rntral and Pi*riphc*ral Zones of 
Whole Kernels. I'. //. Morris, Thelma L. Aleutuder, and 

Elisabeth D. Pascoe . .. 540 

Photoniicrographic Studiw of Wheat .Sttm-h. II. \mvlolvtic 
ICnstymes and the Amylase* Inhibitor of tlie Developing Wheat ' 
Kernel. R. M. Smdstedt and O. C. Heckord.. 51.8 

Some Obwrvations on the Visual ('olor of Tubulat and Disc 
Mac'aroni. L. J). Sibhitt and R. 11. Harris ... . 5.V) 

Note on a Semimicro Milling Pna-edun* for Durum Wheal. M. 

11. Fisher and W. 0. S. Meredith . (pS 

A Micro Method for Making Macaroni. V. (i. Martin, (7. N. 

Irvine, and J, Ansel Anderson . 568 

Effect of Classing Rate on Loaf Volunte. H, Miller, J, Edgar, 

and A. C. 0. Whiteside ... 579 

Analysis of Data for A.A.C'.C. Clhwk Sample* Service. II. Pro¬ 
tein and Thiamine Results, 1944-45. W. 0. S. Meredith _585 

Modification of the Gas Production and Gas Retention Properties , 
of Dough by Some Surface Active Reducing and Oxidising 
Agents, Emery C. Swanson and C. 0. Swanson .(S90 











Nin.lWi COX’l'KNTS vii 

I)('t<‘rminati<ui of IV<m anti Aninioniaotil Nitronon in Kt’ttKs. 

Mnrgartt Schimll and Frederick /?. Schmalz . 600 

ll(«)k Review. Physical Methods of Organic Chemistry. II. 

I'alitetl by Anioltl \Veisnherf*t>r... 602 

H<«jk Kt'vit'W, Enzymes and Their Role in Wheat Technology. 

Ktiiteti by J. .\. Antleiwm. 602-^ 

Hook Kt'view. Currents in biochemical Research. ICtlited by 

I >. I'i. (ireen. 603 

H<K)k Revi(*w. The Chemistry of the Carbon Compottnds. Volume 
III. The Aromatic Compounds. By Victor von Richter, 

(Kliled by Richard Anschtit/.. 604 

Author Index..'. 606 

Sul»ject Index. 609 











Cereal Chemistry 


VoL. XXIII JANUARY, 1946 No. 1 


METHODS FOR DETERMINATION OF ALPHA-AMYLASE. 

n. LIQUEFYING AND DEXTRINIZING ACTIVITIES OF 
ALPHA-AMYLASES FROM DIFFERENT SOURCES 

Sutton Redfern and Quick Landis ‘ 

The Fleischmann Laboratoric.s, Standard Brands, Inc., New York, N. Y. 

(Read at the Annual Meeting, May 1944; received for publication July 27, 1945) 

Three general methods have been used in the study of amylast'S, 
viz., saccharification, dcxtrinization, and liquefaction. It has l)oen 
amply demonstrated that saccharification methods measure a summa¬ 
tion of the effects of alpha- and beta-amylase. Dcxtrinization 
methods based on the original method of Wohlgemuth (1908) also 
measure the combined effect of alpha- and beta-amylase as shown by 
Sandstedt, Kneen, and Blish (1939) and Hanes and Cattle (1938). 
No methods are available for determining the amount of beta-araylasc 
without correction for any alpha-amylase that may lie pros<‘nt con¬ 
comitantly. There are, however, two methods at present availalde 
for specifically determining alpha-amylase: the measurement of the 
dcxtrinization time in the presence of an excess of beta-amylase and 
the liquefaction procedures of Jozsa and Johnston (1935) and Blom 
and Bak (1938). 

Hollenbeck and Blish (1941) presented data which showed siitis- 
factory parallelism of the effects of traqieniture chsmgcs on liquefying 
and dextrinizing activities for throe types of nipha-amylases: mall, 
bacterial, and fungal. Dickson (1943) also found from a collaborative 
study on a series of malts that there wjis a high (xirrelation Ix'twccn 
the liquefying and alpha-doxtrinizing methods, indicating that these 
methods were measuring the same thing. Dickson’s work was done 
on only one type of alpha-amylase, viz., malt. All of Hollenbeck and 
Blish’s experiments except one were done by inactivation studies of 
individual amylases. Thus, if 50% of the enzyme as measured by the 
liquefying method was inactivated, then approximately 50% was 
inactivated as measured by the dextrinizing method. 

^Deceaaed. 

1 
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These authors went one step further, however, and stated that 
when extracts of the three enzymes were adjusted to an equal basis in 
terms of alpha-dextrinizing power, their liquefying activities also were 
fojund to be substantially the same. Only one experiment to test this 
was given and the outflow times of the starch pastes which should 
have been equal did not agree too well. 

The present paper resulted from attempts to iutercoraiKire alplia- 
amylases from different sources by the two methods. Certain dis¬ 
crepancies were noted which it was felt required further investigation 
before the methods could be properly standanlized according to the 
principles developed by Landis (1945). 

Types of Enzymes Used 

Three types of amylases were selected for study, those of bark'y 
malt, bacteria, and mold. The different enzyme preparations studied 
and their sources are described in Table I. 

TABLE I 

Descritoon of Enzymes 


Enzyme Source Commercial name 


Malt 

Malt syrup A 

Malt syrup B 

Malt syrup C 

Malt syrup D 

Barley malt 
Barley malt 
Barley malt 
Barley malt 
Barley malt 

Dry distillers malt 

T.P. Diastafor 

Heavy Diastafor 
Special Diamalt 
Regular Diamalt 

Takadiastase A 
Takadiastasc B 

Mold 

Mold 

Takadiastii&e 

Takadiastasc 

Fungal A 

Fungal B 

Fungal C 

Mold 

Mold 

Mold 

Clarase 700 

Ubozyme 

Maltahc^ Prcpiu No. 20 

Bacterial A 

Bacteria 

DibonUory Prepn. 

Bacterial B 

BactorLi 

Kapidasc, cone. 


Methods 

Ligu^ying Activity. The viscometric method (kweloijcd by LaiidiM 
(1943) was used for the determination of the liquefying activity. 
This method is considerably more convenient to use thjin the regular 
Jozsa and Johnston method and permits one to run many more 
samples in one day. The details of the method will be given in the 
following paper of this series. In brief, the method consists of deter¬ 
mining the percentage liquefaction produced by the enzynte acting on 
a special starch substrate. A constant time of one hour, a pll of 5.2, 
and a temperature of 30“C was used for all the dilution curve work. 






Jan. 1946 SUTTON REDFERN AND QUICK L\NDIS 3 

The enz 3 mie solutions were prepared with 0.025 molar calcium chloride 
solution. 

Dextritiising Activity. Three methods were list'd. The regular 
method as described by Sandstedt, Knoen, and Blish (1939) was used 
to determine the relative alpha-dextrinizing (SKB) activities of the 
different enzymes, and the same method without adtlitioii of exa'KS 
beta-amylase to determine the relative Wohlgemuth activities. 

In order to be able to study the kinetics of the dexlrinization 
reaction, a colorimetric procedure devised by Landis (1943) was usi'd. 
The substrate was prepared according to the directions of Sandstwlt, 
Kneen, and Blish. An inorganic color standard which was found to 
compare closely with the iodine-dextrin solution of these authors w<is 
used for color comparisons. It consisted of 20 g CoCU.bHjO, 3 g 
K 2 Cr 207 , and 10 ml of 0.1 N HCl made up to 100 ml with distilled 
water. A Klett-Duboscq colorimeter was used. The proportions of 
enzyme infusion to substrate solution were as specified in the method 
of Sandstedt et al. At appropriate time intervals, 2 ml of the reacting 
mixture were added to 10 ml of iodine solution “B” and color com¬ 
parisons were made. A Wratten "A” red filter was placeil in the 
eyepiece of the colorimeter in order to improve the ease of matching 
without having to take into account the color changes taking place in 
addition to mtensity changes. The standard solution was used at a 
depth of 20 mm. The unknown colorimeter readings expressed in 
millimeters were used directly as a measure of the amount of substrate 
changed. 

The enzyme solutions for the dextrinizing method were also 
prepared with 0.025 molar calcium chloride Solution. 

Intercomparison of the Liquefyii^i and Dextrinizing Strengths of the 
Different Amylase Preparations 

in order to put the liquefjdng determination.', on a basis which 
does not depend on calibration or initial rates and is independent of 
any enzyme units, the method of “oquivtilenci' by suix'rposition” 
(Landis, 1945) is used. By this method, the amount of each enzyme 
preparation required to produce a given amount of conversion in a 
given time is determined. However, in order to make it practical, 
different concentrations of the enzyme were useil and the amount of 
conversion m constant time is determined. By interijolation, the 
amount of enzyme to give any intermediate degree of conversion is 
easily determined and the results may be checked at several points by 
this technique. 

The dilution curves determined for each of the three types of 
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alpha-amylases are shown in Figure 1. For the m<ilt and bacterial 
amylases the curves arc essentially parallel straight lines over the 
dilution range studied. The takadiastase dilution curvt' is markedly 
different. The ratio of th<^ enzyme strengths of these Ihn^e prei>ara- 
tions may be calculated, from the weight of each cmzynu' reepnred, to 
give any degree of conversion as read from the curve*. I'he ratio may 
also be calculated graphically by measuring the distance b<*twi*en the 
curves since the sample weights are plotted on a logarithmit; scale. 



Fig. 1. LiauefacUou-dUution curvi^ fot utpim 

This method of plotting makes it ix)ssible to detennine by mere 
inspection whether the enzymes can be amiparwl at <li{Icrent degrees 
of conversion since the curves will be parallel if this is true. Since 
the enzyme strengths are inversely proportional to the equivalent 
weights, it is easy to calculate the strength ratios, assuming the malt 
to have a value of unity at any given percentage decline in viscosity. 
These values are shown in Table II. 

Table II shows that the malt and bacterial enzymes may be 
compared at any degree of conversion since the dilution curves are 
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TABLE II 

Comparison of Relative Strengths tor Different En/ymis 


Enzyme 



Ratio of strengths 



Percentage decline in viMcomty 


40 

45 

50 

55 

60 

70 

Malt 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Bacterial A 

3.24 

3.24 

3.24 

3.22 

3.22 

3.22 

2.28 

Takadiastase A 

39.2 

36.3 

33.0 

28.4 

23.1 

— 

29.9 


1 Refers to the Sandstedt, Kneen. and Blu>h method. 


parallel. The takadiastaso varies and when compared to mult its 
activity varies almost twofold depending upon the degree of conversion 
selected for comparison. 

The relative strengths of these three enzymes as determined by 
the alpha-dextrinizing method are also shown in Table II, It is to be 
noted that the three preparations definitely show different ndative 
strengths when compared by the two methods. This is contradictory 
to Hollenbeck and Blish’s work. 

It might be questioned that these results were peculiar to the three 
samples of alpha-amylases used. That this is not so is shown in 
Figure 2, where the dilution curves of a malt syrup, another bacterial 
preparation, and three different fungal amylovses are compared. One 
of the fungal enzymes, sample C, was develojx'd for a high multasc 
activity, but this did not significantly alter the curve. Again we fmd 
that the bacterial and malt amylase dilution curv<'s are essentially 
parallel, while the fungal enzyme curves arc different, although they 
are all roughly parallel to one another. 

It must be noted that one set of curves cannot be comiKinHl exsictly 
with another sot. Each sot represents delonnitutions made on one 
batch of substrate in order to eliminate the question of unavoidabh* 
daily differences causetl by tlie inability to duplicate the* initial vis¬ 
cosity of the substrate accurately on <liffercnt days. 

Since the three types of alpha-amyhuses show <liff<‘n*nt strength 
ratios by the two methods, it is difficult to undcrstiind how II<)IIenlH*ck 
and Blish found equivalent outflow times for a starch liquefied 
by equivalent alpha-dcxtrinizing concentrations for a constant tim<‘. 
Nevertheless, a further check of this point was made. A careful 
analysis of samples of the three enzymes gave relative alpha-dexlrin- 
izing and liquefying ratios as shown in Table 111. 

Using we^fhts of each enzyme inversely proportioiuil to the alpha- 
dextrinizing ratios, liquefying rate curves were run, as sltown in 
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Fig. 2. Liquefaction-dilution curves for diffeient alpiwi-amyUi«“«, 

TABLE III 

Rei^tive Enzyme Strengths Used for Rate Cxtrvi«s 

Relative ntrcngtlui by 

Bnsyme X4quefactiou Alpha-dcxtrlui/ation 

Malt syrup A 1.0 1.0 

Bacterial A 2.03 1.28 

Takadiastase A 23.6^ 19.4 

1 Equivalent initial rate. 

Figure 3. The curves are not superimposable, which they should be 
if the two types of activities are equivalent. The bacterial amylase is 
evidently more active in the liquefying method than in the dextrinizing 
method. The takadiastase is quite different. It produces a rapid 
initial decrease in viscosity, then live rate falls off. The experimental 
results seem to indicate that the results of Hollenbeck and Blish were 
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perhaps fortuitous. Calculations from their data show that the final 
outflow times are equivalent to a viscosity decline of approximately 
92%. At this point the viscosity change is rather slow and any real 
differences may have been masked. 



Liquefying rate curves for equivalent liquefying quantitiowS of the 
enzymes were also studied, with the same quantity of malt syrup used 
above as a basis. In this case an amount of takadiastasc was chosen 
to give an initial rate approximately equal to the other two. Figure 4 



Pig. 4. 


LiQurfactlon rate wnw for Muivalent Uquefying quatititlei of different alpha amylas«i 
(malt A, 254) mg; bacterial A, 123 mg; takadiastase A, 14)6 mg; all per 100 ml)* 
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shows that the malt and bacterial amylases give nearly equivalent rate 
curves, but again the takadiastase exhibits an entirely different kinetic 
picture. The rate very quickly falls off and the enzyme action slows 
down markedly so that the amount of work done in the longer times 
is much less than would be calculated from the initial rate. 

A similar dilution curve study wiis made for the dextrinizing 
method using Landis’ colorimetric modification. The ordinary mcthocl 
of Sandstedt, Kncen, and Blish gives a unique answer when <lifferent 
enzymes are compared, but yet if they wctc compared at some other 
end-poinit than the one chosen by these authors, a different result 
might be obtained, as has already been demonstrated for the liquefying 
method. The same general procedure was used for the colorimetric 
method as for the liquefying method. The colors produced by varying 



Klg S. Colonmetilc alphjrdwhfafaing dUttUon curve* for different elplu-nmyUwe. 

quantities of enzyme in constant time were dctemuncfl and the dilution 
curve plotted on log-log coor<linato paper. These scales were chosen 
merely to give approximately straight lines. Exactly the same 
reasoning as in the liquefying method wjis used. At equsil colors in 
constant time the enzymic strengths arc in tlic in,vcr8c ratio of the 
weights required. 

Figure 5 shows the colorimetric dilution curves for the thnn: 
enzymes. Again, we find differences between the three types of 
enzymes. In this case, however, the malt and fungal enzyme curves 
are nearly parallel and the bacterial one differs from the other two. 
It may be noted that a colorimeter reading of 20 mm corresponds 
approximately to the regular dextrin-iodine end-point color. Table IV 
gives the relative strengths obtained from F^ure 5. 
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TABLE IV 

Relative Sirengths of Different Enzymes at Different Color End* Points 


EnTymc 


Relative fat lengths 


Colonmcter leadings, mm 



4 

6 

s 

10 

15 

20 

25 

Avg 

Malt syrup A 

1.0 

1.0 


1.0 

in 



■DEI 

Bacterial A 

2.01 

1.72 

WESm 

1.52 


1.28 

1.20 


Takadiastase A 

27.01 

23.0 

EB 

20.1 

m 



m 


1 Not mcluded m average. 


The ratios obtained at a reading of 20 are, within the experimental 
error, the same as the ones already obtained by the rt^iilar dextrini/ing 
method. At other colors the fungal enzyme gives approximately the 
same relative strengths when compared with the malt enzyme, l)ut the 
bacterial enzyme gives varying results. Therefore, the dextrinizing 
method also gives results which depend on the end-point. 


lutracomparison of the Liquefying and Dextrinizing Strength of 
Different Amylase Preparations 

Kncen, Sandstedt, and Hollenbeck (1943) have noted that “beta- 
amylase prepared from barley or wheat is applicable in the preparation 
of a substrate for the determination of cereal alpha-amylasc activity, 
but the advisability of its use for the determination of the activity of 
other 'alpha-amylases,’ such as those of animal or microbial origin, 
has not been established and is not recommended.” Nevertheless, 
from preliminary work, it seemed that either a dextrinizing metho<l or 
a liquefying method could be used for intracomparisons of the (lifTcrcnt 
alpha-amylasos, but not intercomparisons. 

Experiments to check this were made as follows. Dilution curves 
for four types of malt syrups were made and from these the ndativi' 
activities are determined. The dilution curves are shown iti I'igure 6 
and the ratios of their strengths are shown in Tabl<‘ V. 'rh(‘ averag<' 
ratios arc compared with the values determined by the alpha-dextrin- 
izing method in Table VI. 

The agreement is very good when it is considered that the error of 
each method is approximately ± 5%. To further oliock the agwHs- 
ment, rate curves for equivalent alpha-dextrinizing quantities of 
enzyme were run. The agreement is so good that it is too <lifficuU to 
show on a graph because the points all run tc^cther.- The maximum 
deviation between the curves is 1.2% decline in viscosity, which is 
excellent. It imy be concluded that a series of malts may be intra- 
compared by either the alpha-dextrinizing or the liquefying method. 
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TABLE V 

Comparison oi Liquefying Method ior Malt Syrups 
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TABLE VI 

Comparison of Relative Strengths of Malt Syrups nv LiQUPiFviNti 

AND ALPHA-DeXTRINIZING METHODS 


Relative strciigthb 


Malt syrup 

Liquefying 

SKB 


A 

1.0 

1.0 

— 

B 

1.45 

1.42 

- 2.1 

C 

0.317 

0.271 

-14.5 

D 

0.137 

0.124 

- 9.5 


^ Percentage deviation of SKB value from liquetying value. 


essentially only in its enzyme content. At least all thermostable 
substances are retained. Three different preparations were compared 
by liquefying dilution curves, dextrinizing and alpha-ch'xtriiiizing 
activities. The results of the liquefying dilution curves arc given in 
Figure 7 which shows their parallelism. The comparison Ix^twe^en the 
methods is given in Table VII. The agreement belwecMi all three 



Pig. 7. Liquefactlon-dllutlott curves foi bacterial amylaaes. 
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TABLE VII 

Comparison of Relative Strengths of Bacterial Amylases by Liquefying 

AND DeXTRINIZING METHODS 


Bacterial 


Relative strengths 


amylase 

Ltqucfymg 

Wohlgemuth 

SXH 

A% Wohl. 

A% SKB 

A 

HBmHH 

1.0 

1.0 


— 

A-} 


0.488 

o.soo 

-5.6 

-3.3 

A-i 


0.244 

0.244 

-4.3 

-4.3 


methods is excellent and it may be concluded that bacterial amylases 
may be intracompared by all three methods. 

The same study was made of different fungal enzyme preparations. 
Using the values obtained from Figure 2, the relative strengths are 
compared in Table VIII. The agreement between the methods is 

TABLE VIII 

Comparison of Relative Strengths of Fungal Enzymes by Liquefying and 

DeXTRINIZING METHODS 


Relative strengths 

Fungal ‘__ 


amylase 

Liqucfymg 

SKB 

Wohlgemuth 

A% SKB 

A% Wohlgemuth 

A 


t.o 

1.0 


..... 

B 


0.574 


-2.7 

- 3.7 

C 

* 

0.287 

0.272 

0.324 

-7.7 

+12.9 


quite satisfactory. The liquefaction dilution curves are not as 
parallel as shown for the malts or bacterials, but the deviations are not 
great. Any of the three methods can Ix' iise<l to intracomparo fungal 
enzymes. 

Discussion 

The cause of the differences between the thrw types of alpha* 
amylases is quantitative since qualitatively all cause the sjune gencml 
type of starch degradation. Hanes and Cattle (1938) also found 
quantitative differences between different types of amylases, although 
their work did not include bacterial amylase. Pigman (1943) has 
found similar differences for invertases from different sourans. He 
found that the ratio of sucrose to inulase activity varied from 5 to 
4,000. The ratio should have been constant, if all the invertases were 
identical. The invertases are a class of enzymes. Similarly, the 
amylases are a class of enzymes which differ according to their source. 

It might be thought tixat concomitant materials may cause the 
differences. Some dilution curves were run, for example, on partially 














Jan , 1946 


SUTTON REDFERN AND QUICK LANDIS 


13 


inactivated takadiastase, where the inactivation was done by a short 
heating to S0®C. The dilution curves were all parallel, although in 
one case the sample contained four times as much of the ('oncomitant 
materials as the original sample. Another test was made by adding 
some boiled malt, boiled bacterial amylase, and soybean extract to a 
solution of takadiastase. The percent decline in vihcosity was, within 
the experimental error, the same for all the solutions as shown in 
Table IX. 


TABLE IX 

Effect of Various Additions on the Liquefying Activity or Takadiastase 


Enzyme solution 


Decline m viscosity 
m one hour 


% 

Takadiastase alone, 1.06 mg 62.9 

Takadiastase + extract from 1 g soybean 63.1 

Takadiastase -|- 250 mg boiled malt 63.0 

Takadiastase 4- 125 mg boiled bacterial enzyme 62.5 


Another cause of die differences may be union of part of the enzyme 
with the reaction products to form an inactive comi)ound, or, as 
suggested by Hanes and Cattle, the different enzymes may have 
varying affinities for the lower dextrins which arc produced. 

A different pH is used in each of the two methods, viz,, 4.7 for the 
dextrinizing method and 5,2 for the liquefying method. Since it is 
usually accepted that bacterial amylase has a higher pH optimum, it 
was thought that the difference in pH levels may have accentuated the 
differences, especially for the bacterial amylase. Therefore, the three 
enzymes were tested by the liquefying method at pH values from 4 
to 8, Little difference in activity was found between the values of 
4.7S and 6.0. Il is concluded that the difference in pH levels <lo<'s not 
significantly contribute to the difference between the methods r<»port<‘cl 
herein. 

One of the objects of this work was to devise a satisfai'tory nn^thod 
for intcrcomparisoix of the three tyi)es of enzymes. It do<‘s not 
possible to intercompare malt and bactcTial alpha-amyhisK^s by the 
two different methods. Since the liquefying method gives the highest 
value of the relative strengths, it is perhaps preferable to use this 
value as representing the maximum activity that can obtained from 
a given weight of enzyme preparation. A more extended study of the 
dilution curve of fungal amylase was made and the results arc given 
in Table X. It was found that between the limits of IS to S0% 
decline in viscosity the relative strength of the fungal amylase com¬ 
pared with barley malt is reasonably constant. This can be used as 
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TABLE X 

Relative Strength of Takadiastase B Compared to Malt Syrup A 


Decline in 
vibcosity 


% 

15 

20 

25 

30 

35 

40 

45 

50 Avg. 

55 

60 

65 

70 

75 

80 


Relative 

strength 


25.4 
28.0 

28.4 

28.4 

28.4 

27.7 
26.0 

26.9 23.3 

20.0 

17.0 

1S.0 

13.1 

11.8 
10.8 


a means of securing sonic agreement with the malt and bacterial 
amylases. 

If the strength is measured in this range, the value will be a maxi¬ 
mum. In general, it is desirable to measure enzyme strengths on a 
basis of initial rates as nearly as possible. The liquefying method is 
superior in this respect to the dextrinizing method since very little 
change of the starch takes place during the liquefying fX'riod. 

It is not to be expected that the maximum enzyme values, as 
determined in the laboratory under a very sixicializetl sc‘t of conditions, 
will necessarily s^rce with the relative values determined under plant 
or practical conditions. The best that we can hope to do in the 
laboratory is to devise a measure of the number of enzyme molecules 
that are present. How this number of enzyme mok>cules will work 
under a diffenmt set of condilions has to be detennined exiHTimenlally. 

Summary and Conclusions 

A comparison of the relative liquefying and dextrinizing activities 
of alpha-amylases from three different souro.'s, malt, bacteria, and 
mold, was made. 

It was found that the relative strengths determined by the lique¬ 
fying method were independent of the degree of liquefaction for 
die malt and bacterial amylases. They were not independent for the 
fungal amylases. However, the relative strength of the fungal amylase 
was found to be a maximum in the range IS to 50% decline in viscosity, 
and measurements in this region are proposed as a measure of the 
maximum strength obtainable from a fungal amylase. 
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Liquefaction rate curves for equivalent alpha-clcxtrinizinj» amounts 
of the three types of amylase were not superimposablo, which ihev 
should have been, if the two methods arc equivalent. It is not strictt> 
possible to inlcrcompare the difTerent amylases by the two methods, 
although on tlie basis of initial liquefying rales there is rcasonahlt* 
agreement for the malt and fungal amylasc^s. If ineasuremoiits an^ 
restricted to one type of amylase, they may, however, bo intracoinpared 
by cither the liquefying or alpha-dextrinizing niethod. Bacterial and 
fungal amylases may also be intracoinpared by a simple Wohlgemuth 
iodine method. 

The alpha-amylases of malt, bacteria, and mold are a class of 
enzymes which differ quantitatively in their action on starch. (It is 
self-evident that pancreatic amylase is also a member of this class, 
but no experimental work was reported because of the considerable 
difference in optimum pH.) 
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SUPERCENTRIFUGATES FROM DOUGH 
J. C. Baker, H. K. Parker, and M. D. Mize 

Wallace and Tiernan Laboratories, Newark, Now Jeibcy 
(Presented at the Annual Meeting, May 1944; received for publication Janu.iry 30, 1915) 

During the mixing of bread dough much of the water remains free 
to dissolve flour solubles, as suggested by Newton and Gortner (1922), 
and later determined by Skovholt and Bailey (1935) and Vail and 
Bailey (1940). This aqueous solution doubtless forms a liquid phase 
in the dough structure. The object of this paper is to describe a 
method of separating an aqueous solution from dough and the determi¬ 
nation of its composition and properties. 

The solubles in dough have heretofore been studied only in dilute 
solutions made by extracting flour, or leaching doughs dispersed in 
water. In recent studies on pentc^ans by Baker, Parker, and Mize 
(1943) and on sulfhydryl compounds of flour by Baker, Parker, and 
Mize (1944), flour solubles in a more concentrated form were obtained 
from centrifuged batters. The action of a high speed centrifuge on 
these batters suggested that some of Jiic liquid phase of dough could 
be obtained in an unaltered and undiluted condition by centrifuging the 
dough in a higher speed machine. A Sharpies centrifuge operated at 
40,000 rpm using 200 g of dough in a clo^ bowl gave the desired 
results. The work here reported concerns the liquid which was 
drained from the surface of the supercentrifuged dough, the remainder 
of which remains firmly packed on the walls of the bowl. 

Working (1934) previously supercentrifuged batters to determine 
absorption, but used less severe centrifugation since the dough re¬ 
maining in the machine was presumed to retain the optimum amount 
of water for baking bread.* 

The liquid obtained by supercentrifuging dough was analyze<l and 
its properties determined. Variations among flours and the changes 
resulting from dough operations in broadmaking or from special in¬ 
gredients added to dough or to flour were determined. The relation 
of the liquid phase of dough to breadmaking was further studied by 
using the supercentrifugate as the liquid for the manufacture of bread. 

Methods and Materials 

PrepanOion of Doughs. Doughs were made from a variety of 
flours in a closed McDuffy bowl with a Hobart C 10 mixer in the 
presence of carbon dioxide. A speed of 65 rpm was maintained for 

* Tlw speed of the <»ntofuge at the .time of operation was not stated by Working, but in a private 
communication Dr. C. O, Swanson advised that a sp^ of 10.000 rpm was used. 
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stated periods of time. An absorption of 73% was used for all flours 
corrected to 12% moisture. This amount of water was roquirod to 
provide sufficient liquid from a single supcrccntrifugation wso that all 
desired analytical data could be obtained. Many flours at normal 
absorption yield only small amounts of liquid. Also, this uniform 
absorption permits direct comparison of nil data. 

For all fermented doughs the following formula ivas used: 200 g 
of flour at 12% moisture basis, distilled water to 73% absorption, 
4 g of salt, and 5 g of yeast. In nonfermented doughs the 3 'eaht was, 
of course, eliminated from the above formula. 

Preparation and Analysis of Super centrifugates. Immediately after 
mixing, 200 g of dough was supercentrifuged in the closed bowl of a 
Sharpies supercentrifuge at a speed of 40,000 rpm for 20 minutes. 
The centrifuge was mounted in an insulated enclosure, the temperature 
of which was controlled so that the dough which loft the mixer at a 
temperature of 29.4®C was held within zk 1®C during centrifugation. 
Full air pressure was applied intermittently to distribute* the* dough 
and obtain smooth operation, after which 30 pounds of air pressun* 
was applied to operate the machine at full speed for 20 minutes. 

During the operation part of the starch was forced to the bowl 
wall, gluten and starch formed an intermediate layer, and the free*, 
very viscous liquor was crowded to the inner surface. Upon comple¬ 
tion of the supercentrifugation the liquor was separated by gravity 
drainage for 2 minutes and weighed. 

A gel test which, in part, was previously described by Bak(*r, 
Parker, and Mize (1943) was performed on 3 ml of the super- 
centrifugate as follows: The liquor was forced from a pipette as a 
jet into 2 drops of 3% hydrogen peroxide contained in a 25 ml test 
tube. This procedure gave a uniform mixture. After an hour of 
contact, the rigidity of the gel was judged empiricnlly, t*mi)loying 
values from 0 to 8. 

The liquor as originally separated could not be ac'CHirately s;impU*d 
because of its high viscosity and the prc'sence of small amounts of 
suspetaded material. Dilution with distilled wat(T fonnwl a prt*cipi- 
tate. It was therefore diluted with 2 volumes of a 2.67% salt solution, 
this being the average concentration produced from the water aiul 
salt added to the dough. No precipitate was produccHl thereby. 
The traces of suspended matter were readily removed from the diluted 
solution by further centrifugation in covcre<l cups. Weighed samples 
of about 5 g of the diluted solution were used to detennitu* solids, 
pentosans, protein, and sodium chloride. All determinations were 
made in duplicate and results averaged. Solids were detemuned by 
evaporating a weighed sample of approximately 5 g to constant weight 
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on a steam bath. Soluble pentosans were determinal as outlined in 
Cereal Laboratory Methods (4th ai., 1941, p. 68) by distillins: once. 
Preliminary tests indicated that redistillation did not appreciably 
lower the values. Soluble protein was determined by the Kjeldahl 
method as specified in Cereal Laboratory Methods (4th ed., 1941, p. 34). 
To determine the salt content, the driwl holublo extract was .ishal in 
the presence of 5 g of a mixture of 6 parts potassium carbonate, 4 parts 
sodium carbonate, and 3 parts potassium nitrate. This ash wa.s then 
extracted with nitric acid and the chloride content dclcrniinal, as 
described in Cereal Laboratory Methods (4th ed., 1941, p. 129). This 
result was corrected for the salt added in the dilution water. All 
results were calculated to percentage by weight of the original super- 
centrifugate. 

The percentage of sugar was calculated from the difference be* 
tween soluble solids and the suiti of the soluble pentosan, soluble 
protein, and sodium chloride. 

The viscosity of the diluted liquor reamlal in seconds was deter¬ 
mined in an Ostwald-Fenske pipette (Cannon and Fenske, 1936) and 
characterized by the number 300 with a water eftluent time of 5 
seconds. All measurements were made at 30®C. 

The sulfhydryl determinations were carritxl out upon 0.5 ml of 
the diluted supercentrifugate as described by Baker, Parker, and 
Mize (1944) and calculated as ppm of glutathione in the original 
supercentrifugate. 

The relation of sodium chloride to water was calculatal from the 
total sodium chloride and water found in the original supercentrifugate. 
This calculation is made by the division of the percentage of salium 
chloride by the sum of the percentage of sodium chloride and per¬ 
centage of water and tlie multiplication of this quotient by 100. I'lie 
percentage of water is determinal by subtracting the percetitage of 
soluble solids from 100%. 

The resistance to puncture of hand-washal glutens and of gluteus 
purified by two dispersions, both being in 2.67% sodium chloride solu¬ 
tions, was determined as dcscribal by Baker, Mize, and Parker (1943). 

Results from Different Flours 

The supercentrifugates from a series of 25 flours were prepared 
and analyzed. The results are reported in Table I showing the 
average, maximum, and minimum values obtained from these analyses. 
The anal 3 rtical results obtained are not reported for each flour because 
of their voluminous nature. A series of five flours is reportal to show 
some of the variations found in individual flours. It is not the in- 
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TABLE I 

Composition of Supercentrifugates Separated at Onci-. 
FROM Doughs Mixed IJ Minutes 
(Averages from 25 flours of 1943 and 1944) 


Hour 

Flour 

pro¬ 

tein 

12% 

mois¬ 

ture 

Liquor 

yield 

Gel 

value 

Vis. 

oosity 

Sol¬ 

uble 

solids 

SuRais 

bv 

diff. 

Sol¬ 

uble 

IHJUtO- 

saii 

Bol- 

uUo 

pro¬ 

tein 

NaOl 

Na(n 

in 

II-^ 

m 

an 

0-HII 


% 

9 


sec 

% 

% 

% 




ppm 

Avwage of 25 flours 

12.2 

23.8 

6J5 

30.8 

13.1 

6.61 

1.65 

2.61 

2,33 

2.62 

180 

Maximum 

14.9 

37.5 

8.0 

105.0 

18.0 

10.98 

2.13 

3.11 

2.60 

2.92 

250 

Minimum 

9.8 

8.8 

0 

9.0 

10.1 

4.10 

1.09 

1.99 

2.12 

2.43 

130 


F«r(‘<' to 
imnctuiP 
idutcn 


(Viifle 

Fuie 

9 

9 

10.2 

28,2 

lb.7 

35.7 

4.2 

15.1 


REPRKSENTATIVI'l FLOURS 


Thatcher Minot, 1944 

12.9 

13.1 

8.0 

64.0 

13.4 

6.40 

1.87 

2.85 

2.28 

2.67 

220 

14,6 

Durum, 1943 

14.9 

26.1 

7.0 

14.0 

18.0 

10.98 

1.49 

3.41 

2.12 

2.62 

m 

5.1 

Tenmarq, 1944 

9.9 

25.5 

6.0 

31.0 

12.1 

6.22 

1.39 

2.16 

2.:i3 

2.59 

130 

12.0 

Chiefkan, 1043 

12.8 

14.8 

6.0 

38.0 

13.4 

7.02 

1.62 

2.50 

2.26 

2.51 

170 

9.4 

Bsart, 1943 

9.8 

33.7 

8.0 

13.0 

12.5 

6.30 

1.39 

2.46 

2.35 

2.61 

210 

4.8 


32.1 

15.1 

31.1 
2tt.« 

17.2 


tention of the authors to indicate that these supercentrifugates arc 
necessarily typical for the varieties used. 

The results found in these 25 patent flours of 9.8 to 14.9% protein 
content, milled experimentally or commercially, show very wide 
variations in the amounts of supcrccntrifugate obtainctl, the gelling 
property of this liquor, and its viscosity. In some cases, the total 
constituents of the liquor from different samples varied approximately 
twofold in amount. Soluble protein values varied somewhat less and 
carbohydrates somewhat more than the other constituents. Sodium 
chloride, which was an added ingredient in the dough, showtxl a 
variation which was greater than could be accounte<l for by the effect 
of the amounts of the other constituents. When the relationshii) of 
salt to water was calculated, a variation of 2.43 to 2.92% mm found. 
If all the water in a dough were utilized in dissolving siilt, the <■(»»- 
centration wouUl be 2.35%. If only the water addcKl in making a 
dough from these flours of 12% moisture were utilizc-d in dissolving siUl, 
the concentration would be 2.67%. flence, it would appear that in 
some of the doughs all of the added water plus a iK)rtion of the flour 
moisture is used in dissolving salt, whereas in other doughs less wafer 
than was added is utilized as a solvent. 1'hesu variations can also Ik* 
explained as the result of differences in amount of bound salt. The 
reasons for these wide differences in salt concentration are under 
further investigation. 

The force required to puncture the gluten in the Baker apparatus 
is reported in all of this work on both crude and purified glutens to 
help characterize the flours. A variation of 4 to 1 in resistance to 
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puncture was obtained on the crude hand-washcfl Rluteus. Tliose, 
upon purification by two dispersions in the WarinR Hlendor, become at 
least twice as resistant with an approxiniate 2 to I variation. 

Although the summary data would suggeht there is a n'lationship 
among some of the properties aiul inRnvlu'nts, such as viscosity jukI 
the yields of liquor and of pento.siins, inspection of the individual 
results obtained, but not shown here, floes not support this hvi>othesis. 
Inspection of the results from individual flours indicates a hn'k of 
correlation between any of the other value's. The fn'fiuent ab.sence of 
the gelling property previously reported on centrifugates from 2 to 1 
batters by Baker, Parker, and Mize (1943) is not confirmed by this 
present work. Among the 25 flours inspectofl here, where the ctm- 
centrated extracts separated from doughs were tested, only one yielded 
liquor that was not gelled at the end of one hour. 'I'his flour, though 
it gelled at once when testefl, liquefial during the hour. 'Plu'se results 
indicate that an undiluted concentration of the pt'Utosans is required 
to determine gelling tendencies ami that this property is i)rc*sent in 
all refined flours. 


Results from Dough Operations 

The method of separating the liquid phase from dough by super- 
centrifuging afforded an opportunity of studying the effect of the 
operations of breadmaking upon its constituents an<i properties. 

For this purpose, from each of the same 25 flours, four different 
doughs were prepared with 73% absorption and 2% salt, as listed in 
the left-hand double column of Table 11. The first dough, lahelofl 


TABLE n 

PrOPBRTIES of SUPERCENTRIPUOATES FROM 25 Fj.O«tRS (»!■ PM.t AND 1944 


Dough operation 

Liquor 

mdi 

Get 

value 

O^y 

M- 

uUe 

loUds 

Sunn 

uble 

ponto* 

aan 

M- 

utile 

nro« 

Na<n 

Nad 

in 

HiO 

flir 

a« 

(» HH 

Olutea 

puuotura 

How 

When 

oentiifuaod 




aiii. 

Soin 


Crude 

Pure 



0 


MO 

% 

IT 

~o 

% 



ppm 

9 

9, 

littiou. 
More than 

At once 

38.8 

0.6 

30.8 

18.1 

0.01 

lJi6 

2.01 

2M 

2.02 

180 

10.2 

28.2 

inr^tiymnitn 

At once 

22.4 

0.8 

ZU 

18.4 

U1 

1.69 

2.02 

2.82 

2.02 

177 

10.0 

27^ 

More than 

After 3 hr. 

28.1 

0.0 

m 

16.0 

8,46 

1.08 

2.68 

2.20 

2.08 

179 

lOS 

26.4 















withyeaeb 

After 8 hr. 

30.7 

6.7 

80.0 

m 

4.16 

1.66 

2.84 

2.80 

2.01 

107 


m 


"minimum mix—at once,” was mixed li minutes, this being the 
minimum time required to wet completely the entire mass. This 
dough was then supercentrifuged at once. The second dough, labeled 
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“more than minimum—at once," was prepared by mixing as long as 
required for the optimum development of a dough from the flour at 
normal absorption. This procedure was used because of the extra¬ 
ordinary long mixing required at the 73% absorption by a few of the 
doughs which developed heat and also permitted considerable enzy¬ 
matic action. The resulting doughs were thus all undermixed to 
varying degrees. The third yeastlcss dough was exactly like the 
second, with the same amount of mixing, but was allowed to stand 3 
hours before centrifuging. The fourth dough was similar to the third 
except that it contained 2.5% yeast. 

In comparing these results, the difference between the first and 
second doughs shows the effects of mixing; between the second and 
third doughs is shown the effects of autolysis in a ycastless dough 
upon standing for 3 hours. The fourth dough shows the effects of 
the yeast as distinguished from the autolysis in the third dough. 
A fifth comparison, showing the difference between the mixed dough 
centrifuged at once and the fermented 3-hour dough, gives the over-all 
inclusive effect during fermentation for 3 hours. 

The dough operations do not alter appreciably the physical 
properties of the separated supercentrifugate except the quantity 
obtained. A large increase in the amount of the separated liquid 
phase of dough was found where yeastless doughs had stood 3 hours 
before centrifuging. A further increase was obtained where these 
doughs had been fermented. Tests, not reported here, show that most 
of the increase in liquor volume occurs in the first hour and is not 
altered by ordinary dough treatments. The action is somewhat 
similar to that observed in synacresis and indicates by the unchanged 
composition that the dough materials pack more closely in the 
centrifuge after they have had a period of rest. The gel value and the 
viscosity arc but little changed. 

The changes in soluble solids are largely duo to changes in carbo¬ 
hydrates shown in the succeeding column (Table II). 'Fho small 
increase in sugar occurring during mixing is doubtless due to the rapid 
attack of the <liastatic enzymes ujmn broken starch granules. There 
was a further increase of 1.6% in the liquor during 3 hours. During 
fermentation a large portion of the total sugar in the liquor was 
consumed, averaging 4.3%. 

Soluble pentosans show a tendency to increase in amount during 
mixing and standing, whereas yeast does not appreciably further 
affect them. 

Soluble protein is substantially unaffected by all operations in 
breadmaking except fermentation, during which the yeast consumes 
some of the nitrogen materials in its metabolic processes. The 
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apparent decrease in 3 hours is due (o th<> <‘lTe<'t of <'.irlK)lntIr,Ue 
increase on the percentage. 

The amounts of salt given as iwrcent.ige of tfie dough lifiuhl are 
not clearly signifirant becaust* the conreulr.it ion is .ifTeeteil bv tin* 
amounts of other nialiTials present in the dough, lleneis iMlcul.ition 
has been made as entennl in the surreeding rolutun, .showing tlu* 
percentage of salt in the wati'r of the supem'utrifugale. 'Hus rela¬ 
tionship of the averages remains subst.intially const.mt throughout 
all dough operations and thus indicates that th<‘ change.s in dough 
properties encountered in bre.admaking an* not due to changes in the 
amounts of free and bound water in the dough. This has bi'cti shown 
also by Kuhimann and Golos.sowa (1036). 'Plu* litpior from individual 
flours may show considenablo effect from dough operations, but tlwse 
variations are pcculhir only to each flour and do not disprove (he 
generalization from the avcniges that the handling of dough in breiui- 
making produces its effects on dough proi)(*rti(‘s liy other changes than 
can be found in the liquid pha.se. 

The sulfh 3 rdryl compounds are not much afferttHl liy dough 
operations excepting by fermentation when* a very detinile decrease 
in their avcrsqjc concentration oi'ours. A fc'w flours, howi'ver, show 
no change. Thus, the conclusions reiKirted by llullett .ind Stern 
(1941) were usually, but not always, confirmed. 

Crude gluten is strengthened by fermentation, but other dough 
operations show no effect. However, the method of pr<*f)aring cruch* 
gluten is uncertain, so that more conclusive indications possibly are 
to be found in the purified glutens. Thesi* results indicate that there 
is a small drop in the resistance of gluten to puncture both with mixing 
and time. This loss is more than recovered during fermentation. 

Aging of Flour 

The aging of Hour is known to produce very definite eluinges in 
its baking properties. The metluxl of w'liarating the lupiid phase in 
dough offers an opportunity to study the effect of age on the liquid 
phase. From 1943 wheal, 16 Hours, either mill prixluced or expt'ri- 
mentally milletl, were availubk* for the study of age. 'Plu* llotirs wen* 
analyzed and then stored for a 6-nuHith iK*ritxl at l®t; in closed metal 
containers. Probably, under this condition of storage*, oxyg<*n wtis 
partially replaced by carbon dioxide from rc'spiration, as report(*d by 
Working (1936). The results are thus not entirely analc^ous to ihosi* 
obtained in ordinary commercial storage. In order to stiuly the 
effect of age, supercentrifugates from the four dough ofierations were 
separated from these flours when fresh and after 6 months’ storage. 
Table III gives these results. The effects of 6 months’ storage can 
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TABLE III 

Propbrties ok Supercentrifugates from 16 Flours of 1943 




best be observed by comparing the values for each property or in¬ 
gredient from the respective operations. The results indicate that 
the physical properties of the dough supercentrifugate were not greatly 
changed bj' flour storage with the exception of gel value, which became 
definitely stronger. The amount of carbohydrates found in the liquor 
from the agwl flour was slightly less where the dough was permitted 
to stand 3 hours before separation, thus indicating that some diastase 
had disappeared from the flour during storage. There were also small 
decreases in the amounts of soluble pentosan and soluble protein. 
'rht*8e dwreases are particularly noticeable in the fermented samples. 
Possibly the alcohol from fermentation has a greater effect upon 
the solubility of pentosans of flours stored 6 months. Soluble protein 
is slightly more available for yeast metabolism in the aged sample. 
'I'he most striking change in these doughs is found in the relation of 
salt to water; the aged samples furnish a more dilute salt solution, 
which indicates that there is either less bound water in these doughs 
or more bound salt. That the latter is more likely true is indicated 
by comparing the analyses of the fresh and aged samples mixed 
minutes and centrifuged at once. The constituents in these two sets 
arc substantially identical in amounts, thus suggesting that no change 
in the water binding capacity has occurred over the 6-month storage 
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period. Thus, the lowered salt conn'iilralion would appear to be 
due to a decreasie in the ainouiil of wilt in solution, itidit atinj; that salt 
has been taken into or combined with sonu^ of the otht^i doui»h in* 
gredieiiLs. 

The vsulfhydryl delenninations show no change o\t‘! the 6 numth 
period. This surprising result is pmlniblv <hn‘ to tlu* s,unples bt‘im» 
stored at in closed nu*lal t'ontaimrs. 

The rcwsistance to puncture of the purilu^d gliihms in all op<‘rations 
shows a loss of about 1 g, indicating small (l<‘crtM,st‘s in gluten strength 
over the 6-month period. 

Effects of Nitrogen Trichloride and Potassium Bromate 

The action of nitrogen trichlorule and pot.issium bromate was 
studied on a scries of 15 flours produced from 1043 an<l 1044 wduvats. 
The amounts of nitrogen trichlorule use<l on tlu^s(» satnpl<‘s varu*d 
from 0.5 to 1.5 g per cwt, dei>ending upon tludr effects in tin* l>aking 
tests. The amounts of bromate use<l vari(‘<l from 10 to 30 ppm for 
the same reason. The analy-sis of liquor separati'cl from fennente<l 
doughs only is n^porUxb Tt\sts wen* nuule on doughs from unlreat<*d 
flour, from flours trcate<l with nitrogen Irit'hloride, aiul also on similar 
sets of doughs to which bromate was addinl. ^I'lu'se n*sults an* given 
in Table IV. The only appreciable I'hange in th<* physical proptTties 


TABIE IV 


Composition op Supercbntiupiioaib ^rijm 3*IIour Fi^rmpnim) Doiuam 
Treated with Potassium Bromaik or Made i«rom NnR<Hti*N 
TRXcinA)Rir>E Treaied Klour.s 
(Average of 15 flours of 10*k^ and P>44) 



Un^tAd 

30.7 

6.9 

31.0 

10.1 

m 

1.66 

3.30 

3.39 

3.64 

100 

13.0 

■f-Nltrogwa trioUorido 

31.0 

6.9 

32.7 

10.1 

8.91 

1.03 

3.29 

2J28 

3.64 

J64 

13.7 


31.2 

0.1 

30.6 

10.1 

3.B8 

1.04 

3.29 

3.39 

2.66 

169 

».() 

+NltroMn tnoUorid# 4 nd 
potAMum bromate 

30A 

6.2 

82.4 

10.1 

8.99 

1.00 

3.24 

2.27 

m 

161 

lU 


80 .5 

30.6 

37.7 

27.4 


of the various supercentrifugates is a slight increase in viscosity in 
the nitrogen trichloride treated samples. This is hardly large enough 
to be significant. The amount of carbohydrates in solution clearly 
indicates that neither res^ent has affected diastatic action in these 
doughs. This result is somewhat surprising and gives no explanation 
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for the changes in crust color sometimes observed when baking nitro¬ 
gen trichloride treated flours. No appreciable action was found on 
soluble pentosans or proteins or the distribution of water and salt in 
the dough system. The sulfhydryl compounds were definitely lowered 
by the oxidizing agents, the nitrogen trichloride treatments giving the 
greater elfcet on those fermented doughs. 

A more complete study of the action of nitrogen trichloride on 
sulfhydryl compounds in flour is shown in Table V. Here, the amounts 

TABLE V 

SuLPHYDRYi- Compounds in Supercentrifugates from Doughs Made from 
Nitrogen Trichloride Treated Flours Separated at 
Different Stages of Dough Handling 
(Average of IS flours of 1943 and 1944) 


Dough opciation 


Untreated 

-SHasG-SH 

NC1> treated 
-SHaaG-SH 

How mixed 

When centrifuged 



ppm 

ppm 

Minimum 

At once 

111 

179 

More than minimum 

At once 

178 

175 

More than minimum 

After 3 hr. 

180 

187 

Moic than minimum with yeast 

After 3 hr. 

166 

154 


of sulfhydryl, reported as ppm of glutathione in the liquid phase, 
are shown for the dough operations used in Tables II and III. It is 
to be noted that the moderate treatments with nitrogen trichloride 
liave produced no change in the sulfhydryl content of these IS flours 
until they were fermented. The action of the yeast upon the untreated 
flours produced a decrease of approximately 14 ppm, whereas on the 
treatc>d flours a decrease of 33 ppm was obtained. These results indi¬ 
cate that the action of nitrogen trichloride upon sulfhydryl compounds 
is to alter them in some manner so that yeast has a greater action upon 
them during fermentation. Baker, Parker, and Mize (1944) have 
previously shown that very heavy treatment with nitrogen trichloride 
lowera the soluble sulfhydryl content of unfcmicnted dough. 

The action of bromatc upon the strength of gluten during fermenta¬ 
tion is shown in Table IV. A loss occurred in resistance to puncture 
of about 3 g, amounting to 10%. This decrease confirms results 
previously published by Baker, Mize, and Parker (1943), which showed 
that bromate lowered the resistance of gluten to puncture. 

E^ect of Different Crop Years 

The data presented show samples separately analyzed from the 
1943 and 1944 crops. The top row of figures in Table IV labeled 
“untreated," and the fourth row in Table III labeled “more than 
minimum with yeast after 3 hr.,” both on new flours, are directly 
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comparable. The liquor of the 1943 crop, as coniiMn'd (<> the 1944, 
had more diastase, formed a atrouger (>e!, had a lower viseositv, a 
higher concentration of .salt in the water of the liquoi, and \ie!ded u 
weaker gluten on purilication. 'Phew resuli.s do not necehaai ilv mean 
that there was this dilT<‘reuc<‘ generallv in llie two <‘iop \ear.s, lieeause 
there are not enough siunples heleet«sl to estahlisli lhi.s as a fa<'l. They 
are compared here, however, as being .sugg(‘.slive of dilTerc'iicj's which 
may be encountered. 

Baking Results with Supercentrifugate 

Some evidence as to the action of flour solubles on dough properties 
can be obtained by the use of <Iough liquor ns such to furni,sh the 
required water in breadmaking, 'riie concent rat i(»n of flour solubles 
in the dough is thus approximately doubh'd. 'Plu'se evpen'menls were 
made wdth a northwe.st(‘rn spring wheat patent flour of lt.9'protein 
and 0.39% ash, using the straight dough prfK'<‘ss. It so happens that 
enough salt and siigtir are pre-wnt in the solution front this flour to 
supply the amounts neechnl for bn‘adinaking. Hence, eorresportding 
amounts of salt and sugar were a<lde«l onlv to the doughs inmle w’ith 
water. The excess matt'rials present iit the' doughs math* witli siiper- 
centrifugate are soluble pentosans, proteins, sulfhydryl compounds, 
and enzymes. The total water addetl to the doughs wsts held eonslant 
regardless of whether water or supereenlrifugttte' was use'd. ICqiiuI 
weights of dough were baked. The t'fTec'ts upon tin* proiw'rties of 
dough and bread arc marked and n'uelily obst'rvetl itml an* sum¬ 
marized from tests on many other flours. Doughs beconu* 8oft»*r 
and more yielding though not ovennixed in eluiructe'r. “ lluekitu'ss" 
disappears ami in some cases tlu* dough may even ikwwss the character 
of excessive flow. Immediately after such doughs are mixed, exees-sive 
stickiness is obsc'rved, but this disiipiwtirs during h'rinetttation. 'Phey 
mold and shape more easily. During proof llie douglih rise more 
rapidly but with less boldness. The excessive flow tiiul Hurfttce 
stickiness produced by the 8ui>era*ntrifiigate in the freshly mixed 
dough suggested that the absoriJtum should have been tlwretiswl. 
The dryness of the dough when molded and the chsintcler of the 
finished bread indicated that even more water could luive been used 
without damaging the broad had it bet*n possible to handle the doughs 
at time of mixing. 

When baked, the bread made with supercentrifugate has larger 
volume with greater oven spring and a richer colored crust, as shown 
in Figure 1. 

The two loaves on the left were made with distilled water without 
and with bromate. Those on the right are corresponding loaves, 
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in which sui)crcentrifugate supplied the same amount of water. It is 
to be noted that the latter loaves arc larger with finer grain in both 
instances and gave a positive response to 20 ppm bromate. The 
control loaves, on the contrary, were distinctly damaged by this 
comparatively large bromate treatment. The liquor ingredients have 
nuKlificd or protected the dough in such a manner that bromate has 
produced an improvement without injurious effect. This protection 
is similar to the action of milk, as reported by Larmour, Working, 


1 



WITH WITH 

WATER SUPERCENTRIFUGATE 

Kig. 1. liittKt of 8up?icciitnfugatr in bimdmakmg. 

and Ofolt (1039) and later shown by Baker, Mize, and Parker (1943) 
specifically to protect gluten from damage. The improving; effects 
obtained from supcrcentrifugate in these experiments are due to other 
ingredients than enzymes, for even better results have been obtained 
whore the liquor has been heated to 80®C before use. 

Discussion. 

In dough the liquor phase must be the medium through which all 
reactions occur during manipulation and fermentation. Gluten and 
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starch are permeated by and suspended in the liquid mwlium. The 
liquid pheisc becomes the medium through which changes occur, and 
dough properties arc altered because only through it can additions or 
withdrawals of ingredients from gluten or starch take pi,ice. 'Phus, 
the analysis and exjiniination of dough liciuor sliould disclosi' or 
indicate the reactions th<at are resixinsible for dough change's. 

Doubtless there remain other factors in dough Hipjor th:ui those 
determined, such as enzymes, mebihoUc prcnlucts of j'east, and 
protein and starch degradation protlucts, which play an iniiiortant 
role. The data given, however, largely indicate the extent of these 
changes and their influence can be interpretetl. 

The changes in dough liquor projicrties, which the av('rag<' values 
presented here indicate, do not occur in all cases so that one cannot 
necessarily infer the changes which fire going to occur in a giv('n dough. 
The changes from fermentation are such as one would expect. Sugars, 
soluble protein, and sulfhydryl compounds di8.ai)pcar, alcohol and 
carbon dioxide arc produced. A physical change occurs in dough with 
time that permits more liquid to scpiirate. 'Phis iflus the gelling 
property of the liquid and cluanges in gluten strength indiw'ed by 
the chemical changes may largely account for variations found in 
dough during fermentation. 

One observation from this work indicates that proteolysis plays 
a very small part, if any, in dough reactions where sound, rofmwl 
flours are used. No significant changes are found in soluble protein 
or gluten strength of doughs which have stood 3 hours without yeast. 
Fermentation, however, shows a relatively large elTc'ct upon thesi* 
protein components, thus indicating that the changes found in f('r- 
mentod doughs are due to causes other thiin proteolytic, enzymes from 
flour. The softening of yesustless doughs, which has so often been 
taken as a measure of proteolysis, is apparently a physical changi' in 
dough properties resulting from rearrangement of compoiu'uts. In the 
softened doughs the solids pack tighU'r in the centrifuge. All that is 
required to explain the softening change is the relaxation of tlu' gluten 
micelle from the strained condition prcxluci'd by mixing. 

All sulfhydryl compounds exist naturally in an unreactive form in 
native protein and are measurable only after complete denaturation 
with guanidine hydrochloride (Neurath, (ireenstein, Putnam, and 
Erickson, 1944). Unfortunately, the sensitivity of the method is too 
low to yield accurate results with such very low concentrations. 
Undoubtedly changes in sulfur have occurred which it was impossible 
to detTCt. Soine flours showed no detectable change in any dough 
operation. This surprising result may, in part, be due to the weak¬ 
ness of the method but still shows clearly that some flours arc very 
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resistant to changes in their sulfhydryls. In six fermenting doughs 
no loss of sulfhydryl was detected. This result indicates that the 
conclusions of Hullett and Stern (1941) may not be universally true. 

The method of separating a liquor from dough in the super- 
centrifuge offers an oi)portunity of studying many other varial)les 
in flours and doughs not reported here. The effects of teniperatun* 
changes and absorption or of other dough ingredients, such as sugar, 
milk, enzymes, etc., could well be studied by this method. Other 
treatments of flour and methods of handling dough might yield 
interesting results. The action of heat on dough could be studied 
up to the point of starch swelling. 

' Summary 

A procedure has been described for the separation of a liquor 
from doughs of 73% absorption by means of the Sharpies super¬ 
centrifuge operated at 40,000 rpra. 

vSupcrcentrifugates so obtained have been prepared from doughs 
made with 25 different flours subjected to four distinct dough op<Ta- 
tions. Thovse liquors have been analyzed for soluble solids, pentosans, 
proteins, (~SH), and salt content, and have been tested for >ield, 
viscosity, and gel strength. The analyses and tests show the com¬ 
parative effects of mixing, 3-hour standing, and 3-hour fermentation 
upon all flours studied. 

Little correlation was found between amounts of supercentrifugate 
ingredients themselves, between the amounts of liquor obtained and 
the composition of the liquor, or between properties of the dough 
liquor and concentration of its ingredients. The action of nitrogen 
trichloride and bromatc has been shown to be largely due to either 
changes in physical properties of gluten or in soluble sulfhy<lryl 
compounds. Flour storage results in an increase in salt binding 
capacity, Dough operations before baking, as well as flour or dough 
oxidizing treatments, do not alter the water or salt biiuHng capacity 
of flour substances. 
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THE DISTRIBUTION OF WATER IN DOUGH 
J. C. Baker, II. K. Parker, and M. D. Mize 

Wallace and Tieman Laboratories, Newark, New Jersey 
(Received for publication Janutuy 19, 1945) 

Bread dough is produced by mixing together a solid and a liquid. 
When the two are combined to make dough the resulting mass has 
both solid and liquid properties. It is clastic, resists <li8tortion, but 
will flow slowly with time. When enough water is acUhHi to a dough 
it becomes a fluid. 

The theory usually accepted about the distribution of wsiter in 
dough is that a large portion of it is free while th(* remaining portion 
combines with the flour constitiK'nts to form hydmtt's, or is bound by 
polar groups or otherwise reactc<l in such a manner that it is no longer 
available as a solvent. This theory of bound water has dcvelopwl 
from the hypothesis advanced by Newton and Ciortnor (1922) and is 
in accord with Gortner’s (1938) later views in respect to the state of 
water in biological fluids and in solutions of hydrophilic colloids. 
Alsberg (1927) quoted the earlier work of Roclcwald (1896) and 
Boutroux (1897) who calculated that 82% of the water in dough is 
bound. Swanson (1943) estimated by a metliod of calculation similar 
to that of Boutroux that two-thirds of the water is bound. Kuhlmann 
and Golossowa (1936) found that the solids in flour bind 44.4% of 
their weight of water, as estimated by a rcfractometric method based 
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on that of Dumanski (1933). The freezing point method of Newton 
and Gortner (1922) for the determination of bound water was adopted 
by Skovholt and Bailey (1935) and Vail and Bailey (1940) for dough 
measurements. These workers found that flour substanci* boun<l re¬ 
spectively 45.4% to 42.1% and 28.6%. Swanson (1943a) states that 
since there is no sharp line of demarcation between free and bouml 
water, variations in the metliod of measurement may be a considcrabli' 
factor in the divergent values reported. 

Baker, Parker, and Mize (1945) have described a liquor scparatetl 
from doughs by means of the Sharpies supercentrifuge. The concen¬ 
tration of salt in this dough liquor should be a measure of the amount 
of water available in the dough for dissolving purposes and hence of 
the bound and free water content of the dough under actual dough 
conditions. These authors found the concentration of salt in super- 
centrifugates when calculated in relation to the water present varietl 
from 2.43% to 2.92% in different doughs, thus indicating a possible 
wide variation in the distribution of water in doughs. 

Experimental 

In order to study the distribution of water in a dough, a com¬ 
mercial flour was selected which gave dough liquor of approximately 
average salt to water ratio. This flour was a hard winter patent 
containing 12% moisture, 11.8% protein, and 0.40% ash, a.s found. 
It was made into dough by adding 73% of its weight in water and 2% 
of salt. The composition of the dough was as follows: 

48.6 g of water 
37.5 g of starch 
6.1 g of gluten 
6.66 g of flour solubles 
1.14 g of sodium chlurule 

100.00 g of dough 

This dough was supercentrifuged in the manner deacribtd by Baker, 
Parker, and Mize (1945) for varying periods of time to dotenninc 
whether the liquor forced from the dough wsis of uniform coniiMsition. 

In Table I arc listed the amounts an<l analyses of the super- 
centrifugate obtained from five separate centrifugings of the <Iough 
at 10, 20, 40, and 60 rtiinutcs and also that amount obtained in 60 
minutes plus all the liquid that could be removal from the surface of 
the dough by a rubber policeman after drainage had been completed. 
Supercentrifuging for more than an hour produced no further appreci¬ 
able separation of liquid. It is to be noted that the separation of 
liquor from the dough is substantially completed in 40 minutes and 
that the composition of the free flowing liquor as regards the amount 
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TABLE I 

Character or SurrRCi mriiugaii Si inRAU d \i n r Vvkii i> 11 nuius 

Ol ClMRUlTGlNCf 


Supercentrifugate 

period 

Liquoi 

VM Id 

W \U t m 
luiuoi 1 

< oiutnti ituumt 
N iC 1 tu litiuot 

( (tut < litT itumul 

N 1 in \v it( I 
lu litiutn 

10 minutes 

A 

24 6 

87 6 

2 H 

f 

> 00 

20 minutes 

30.8 

87 6 

2 

1 6> 

40 minutes 

35.9 

S71 

2 S8 

2 61 

60 minutes 

36.7 1 

87 t 

2 H 

2 61 

60 minutes plus very 


86.7 

2 U 


viscous liquid 

39.9 

161 


^ The 'water m the liquor was determmtd by cvapoiation un u ste<ini bath to (on taut wi i^ht. 


of water was constant at all periods of ccntrifuRinsj. When the vis<'ous 
material was scraped from the surface of the (louc:h ,ui ituTease in 
solubles was obtained, which was largely penlo.s,ins, the amounts of 
which are not reported here. The total amount of Ikiuul removed in 
the experiment represented approximately one-half thi* water adtled in 
making the dough. 

It is to be noted that irrespective of the time of <entiiluging oi 
the scraping, the relationship of salt to water was bul)slantially <on- 
stant in the successive portions of liquor, thus siiggisiting tlial the 
liquid remaining in the dough was of the same comiKJsition. 

The amount of water used in making this dough, i.e., 73 g plus the 
2 g of salt added, would make a solution conUiining 2.67% of sjilt. 
Liquor separated from the dough contained only an average of 2.62% 
of salt, thus suggesting that there is more free water in <lough than w<«.s 
added in making the dough and indicating that either some of the 
flour moisture is present as free water or some of tlu“ wilt is combined 
with dough ingredients and rcmovcxl from the Ii<iuid system. 

Action of Starch and Gluten, in onler to find how mucli water the 
insoluble ingredients of flour may hin<l, experiuMuits wiTc condtu till 
on starch and gluten under conditions simulating thosi* in ilough. 
Starch was washed, purifletl witli distillixl water, v.icuum dru**!, and 
then studied for its water-binding characteristics by expo,sing to the 
vapor of a 2.62% sodium chloride solution and then deti'nnining the 
total amount of moisture in the starcli after equilibrium was reacluxl. 
Under these condirions, 100 g of starch contained 32.6 g of water at 
8S®F (29.4“C). In a similar experiment in which the starch W 4 is 
exposed over the supercentrifugate from the dough, it containwl 30.1 g 
of water. 

Similar experiments were conducted with gluten purifitKl by dis- 
persii^ it four times in 0.15% sodium chloride solution, as described 
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b> Baker, Mize, and Parker (1943) This purified j;Iuten \\*is dru^I 
in vacuum at 4S®C and £>roiuul to 40 mesh When wSUsiHmded in 1h<‘ 
vapor of 2 62% b<ilt solution, 100 of gluten took uj) 40 0 u of watiT 
and when suspended ovci suixn(<»ntrifiigate from thi‘ id>o\<-d<s(iil>e(! 
doui^h, the gluten absoilx^d 39 3 g of w<Uer. Th<‘s(‘ lesults ai<* sum¬ 
marized in 'Fable IJ. 


l\BU: II 

WaII R BlNDlNCr AcIION 01 Si \RCI1 AND (aUIIN 


WATLR BOUND B\ 100 O OF DRY SIARCH AI 85’l (29 4*^0) 

\\ iU I 


From Vapor 

Over 2 62% sodium chloride soluUoii. 

Over dough liquoi 

WAIER BOUND BY 100 G 01 DRY OIUTLN AI 8S^I (20 1 C) 


From Vapor 

Gluten over 2.62% sodium chloiide solution 
Gluten over dough liquor 

WATl R BOUND IN 100 O OI DOUGH Al 85^1 (29 I C) (( \l t DI Ml I>) 

37.5 g ol stAich bindb. 

6.1 g of gluten binds. 


Q<> 
^0 1 




10 9 
39 ^ 


R 

R 


11.3 

A 


Total bound water in dough 


H.7g 


The amount of water bound in 100 g of thus dough at (29 
by starch and gluten can be calculated from the results ol)t<niu‘<l 1»\ 
suspending these ingredients in the vapor of dough liquor. 'Phis 
indicates that starch binds 11.3 g of water and gluten hinds 2.4 g, 
giving a total of 13.7 g of water bound in the insoluble ingrc'ditMils of 
dough. It would appear reasonable that the amount of water which 
these ingredients absorb when exposed to the vajHirs of dough lupioi 
is the same as they take up in t he dough itself, wIuto t hey <iie innn<‘i s(‘( 1 
in a similar liquid, IxHMuse th<^ vapor pressure eondilions ar(‘ i4lt»nlual 
whether in tlic Viipor or in the liquid and the etitiilibrimn should be 
the same in both eases. It is i)ossible that the snudl amount of s^ilt 
which it was ncccsstiry to leave in the glutcm for its pn^paratiou ina\ 
cause it to absorb a little more moisture than would lx* taken up iimlm 
actual dough conditions where no such ckccss of salt would lx‘ {)res«*nt 
If the indicated 13 7 g of bound water be calculaUH:! to the basis 
used by Skovholt and Bailey (1935), 100 g of dry flour binds 27.3 g ot 
water. Vail and Bailey (1940), when working with ball-fnn* doughs <il 
freezing temperatures, determined that 100 g of dry flour binds 28.6 g 
of water. These similar results suggest that bound water in dough is 
not greatly altered by salt and temperature. 
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Effect of Salt. The effect of salt on the amount aiul conijrasition 
of the supercentrifugatc obtainable from doiifth was tested by m,ikin^ 
doughs witli their salt content varied from no s.dt up to 4^^, and 
supercontrifuging for 20 minutes. The amount of liquid, vis«-osity, 
total solids, and salt content was deterniiiu'd. 'riie n'sults are shown 
in Table III. 


TABLK III 

SUPERCENTRIFUGATE lEOM 200 G OF DOUGU WUH SaI-I ('oNTJ-NI VaRU I), 
Centrifuged 20 MiNorcs' 


NaCl used per 
100 g flour 

Yield 

Viscosity 

Soluble 

Ciohds 

Sodium 

(hlonde 

Sllt-fl(Mi 
solubles ■* 


R 

ser 

g/toog 

r/U>0r 

S/tOOg 

None 

17.7 

43 

10.4 

0.00 

10.3 

0.125 g 

23.4 

31 

10.3 

0.17 

10.1 

0.25 g 

24.6 

31 

10.8 

0.35 

10.4 

0.50 g 

28.5 

25 

10.7 

0.64 

10.2 

1.00 g 

31.2 

23 

11.4 

1.30 

10.2 

2.00 g 

30.7 

25 

12.5 

2,61 

10.2 

4.00 g 

27.1 

27 

14.3 

4.63 

10,2 


1 Methods of analysis used are dcsciibcd by BaLcr. Potkei. .ind Mi/e (Ib(^). 

• Calculated by formula “ salt.free solubles m lOO r of s.ilt tu'n liquor. 


The concentration of solubles in the liquor was calculatefl to its 
concentration in the water of the liquor, as shown in the hwt column. 
The uniform values obtaine<l indicate that varying amounts of salt in 
dough have no effect upon the total amount of Hour substances dis¬ 
solved in the liquid phase. This result probably indicates why bound 
water determined in the presence of salt checks .so clost'ly with that of 
Vail and Bailey (1940), where no salt was used. 

We have not been able to determine the effect of low tcunperaturc 
on the composition of suporcuntrifugatc because of difficulty in holding 
lower temperatures in the Sharpies machine. Neither was it possible 
to study absorptions at 60% as used by Vail and Bailey (1940), since 
little liquor separates from such dough. The similar results obtaiiKKl 
by these different methoils further suggest that the amount of water 
bound in dough is not greatly influenced by excess added wattT. 1'he 
results of Baker, Parker, and Mize (1945) show that salt concentrations 
in the water of dough supercentrifugates vary from 2.43% to 2.92%. 
Hence, the agreement between our results and those of Vail ami Bailey 
may be accidental and no definite conclusions can be drawn from the 
similarity. 

Volume Relationships of Dough Phases. The gravimetric data on 
the bound water of dough do not clearly show its relation to the 
properties of dough. The relative volumes of the various dough phasob 
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should give a clearer picture of their relative action to wuh other in 
breadmaking. The volumes can be calculated from t heii ainoun t s a n<l 
densities. The same dough was used, the composition of which is 
given in the first part of this paper. The results of these cah ul.itions 
are shown in Table IV. 

TABLE IV 


Calculation or Phase Volumes in 100 o Douaii of 7.1% Absorpmon 


Dougli substances 

Weight 

D( nsity 

Calculated 

\olumc 


H 


i 


ml 

mt 

% 

Dough 73% absoiption 

100.0 

1.235 

81 0 

81.0 

100.0 

Starch dry 

37.5 

1.530 

24,5 



Water bound in starch 

11.3 

1.000 

11.3 






35.8 



Hydrated starch 




35.8 

44.2 

Gluten dry 

6.1 

1.300 

4.7 



Water bound in gluten 

2.4 

1.000 

2A 






7.~ 



Hydrated gluten 




7.1 

8.8 

Total hydrated insolubles 

(3S.8 +• 7.1) 

aa 

42.9 


Total liquid 

(81.0 - 42.9) 

OB 

.38.1 


Liquid and gluten 

(38.1 -h 7,1) 


45.2 



The lest column gives the sirncc ocaipicd by the dififerent phases 
in percent of total dough volume. Hydrated stnrc'h occupii“S 44.2%, 
hydrated gluten 8.8%, and the liquid fraction 47%. The combineci 
volumes of the hydrated gluten and the liquid which together sur¬ 
round the starch amount to SS.8%. 

Tightly packed wheat starch from this flour was detcrmincNl to 
have a density of approjvimatoly 1.13, as iiacked. Since the density 
of starch is 1.53, the voids in this iKicked wheat starch are calculatcHl 
to be 26% of its volume, or 11.5% of the dough volume. If the 
granules of starch were of one uniform si/c', the voids would have heim 
50% of its volume. The lower figure of 26% is olitaiiu^l because starc'h 
contains a large proportion of very small granules whidi ixick in 
between the larger granules and occupy the voids (Stcuuborg, 1939). 
Thus, there is required only about one-fifth of the gluten dough liquor 
mixture to fill this minimum of voids. Such im assembly would he 
substantially rigid because the starch granules would contact each 
other. The gluten and liquid mixture in dough, by its volume, holds 
the starch granules apart and the mixture becomes fluid. The starch 
granules are the solid bodies around which the gluten liquor mixture 
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must move in dough as it responds to applied stresses. However, 
many of the smaller starch granules are tightly bound to gluten and 
must move with it in dough, thus producing an additional increase in 
resistance to distortion by dough. 

When less water is used in makhig a dough, the concentration ol 
the soluble solids in the liquor becomes greater and its viscosifv in¬ 
creases. The gluten particles are biought closer together and the 
starch granules come nearer to each other. A m.u-kcd incrc.ifae in 
dough resistance to flow results. This crowding together of the gluten 
forces it into more contacts and thus results in quicker gluten reaction 
during mixing of doughs of less absorption. This is shown in the 
quicker rise of a mixogram curve, where less water is used. 

Dough Liquor and Gluten Mixture. Calculations of Table IV show 
that SS.8% of the volume of this 73% absorption dough consists of 
gluten and liquid. The properties of such a mixture depend largely 
upon the amount and character of its gluten. The dough liquor plays 
a role in modifying these properties. This can be observed when 
gluten is washed from a dough by using starch-free dough liquor as 
the washing fluid. A great deal of care is required under this condition 
to hold the gluten together. A large soft mass of gluten imprognatctl 
with dough liquor is thus obtained which may possibly have charac¬ 
teristics similar to the mixture as it exists in dough. U is elastic but 
flows with astonishing ease under strain. It cannot be h^ld in one 
piece when worked and squeezed as ordinary gluten but must be 
handled very gently. When centrifuged, liquor is forced out and the 
mass becomes firmer. If transferred to water its character is quickly 
changed to that of ordinary gluten as the solubles are removed. This 
is an irreversible process since ordinary gluten does not become boft(>r 
upon working in dough liquor. 

The strength of gluten increases when centrifugetl or waslusl. 
Both processes enable gluten contacts and bonds to be esUiblished 
more readily. The maximum strength of gluten should thus bt* 
obtained when no free liquid or dough solubles are present. 'rius 
condition is produced by exposing dry purified gluten to water vaiK)r 
as already described. Finely ground gluten when it has hydrated to 
a state of equilibrium becomes cohesive, soft, plastic, and very strong, 
but has no quality of wetness. Such gluten possesses maximum 
strength and resistance to flow. It has no capillaries to hold a liquid 
phase and no pentosans or other solubles to lubricate or interfere with 
its cohesions. 
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Discussion 

In view of the large amount of liquid present, it may be informative 
to consider brc<id dough as an aqueous medium which has its properties 
modifit'd by the presence of flour. Flour batters arc liquids. The 
aiklition of more Hour converts them to dough. The fluid property 
of the batter remains in the dough. About three-fourths of the total 
water may remain as a viscous, liquid solution of the solubles. Starch 
binds a iiortion of the water, occupies about 44% of the gas-free dough 
volume, and constitutes the solid portion of the dough. Hydrated 
gluten, though largely fluid in its action, also has elastic properties 
from its cohesions and holds the fluid mass together. Dough thus 
contains a highly viscous liquid rendered slightly elastic by the 
bonds between the gluten micelle dispersed in the liquid. These 
properties arc modified by an approximately equal volume of sus¬ 
pended starch which adds puttylike properties to dough. 

Summary 

When supercentrifugetl for increasing periods of time, bread dough 
containing salt, but no yeast, yielded increasing amounts of liquid 
containing identical percentages of salt. This oflered an opixnlunity 
for determining the amounts of free and bound water in doughs by 
analyzing the separated liquid for its salt and water content. With 
some flours the result indicated less bound water present in dough 
than there was moisture in the flour. This appeared improbable and 
.suggested the method <lid not yield tlic correct result. 

Therefore, the water-binding capacities of steirch and gluten were 
sepimately determined by exposing purifial salt-free samples to the 
vai)or from dough supercentrifugate. When equilibrium was readied, 
the amount.s of water absorbed were calculated. This indicated th.it 
the dry Hour in ilough hinds 27.3% of its weight of water. This result 
is nearly the same as that found liy Vail and Bailey (1940), who worked 
with salt-free doughs at ()°(-. 

The effect of salt on the <li.slribution of water in dough was tcstixl 
by preparing supercentrifugates from doughs of varying salt amt cat 
from 0% to 4%. The adtlition of wilt di<l not alter the concentration 
of flour solubles in the water of the separated solution, thus showing 
that salt in these concentnations docs not alter the amount of free 
water in dough and hence also has no effect on the amount of bound 
water. This indicates that, both Vail and Bailey's freezing point 
experiments and those of the authors with salt-free materials suspended 
in vapor give approximately correct results for the percentage of 
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bound water in doughs containing salt. The volumes occupied in 
dough by the solution containing solubles and by the hydrated in¬ 
solubles, gluten, and starch were calculated from their known amounts 
and densities. In this dough of 73% absori)lion, 47.0% of its volume 
was aqueous solution, 44.2% hydrated starch, and 8.8% hy<lraled 
gluten. That hydrated gluten and the aqueous solution are closely 
associated and move together in dough around the starch w<i& shown 
by removing the starch from dough by <\ gluten washing procedure 
using starch-free supercentrifugatc as the washing liquid. The final, 
tender separated gluten was impregnated with the dough liquid in 
amounts similar to those in dough. It would appear that such a 
mixture, which together comprises 55.8% of the dough volume, sur¬ 
rounds the starch and contributes fluid and clastic qualities to dough 
while the starch adds puttylike properties to the dough. 
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When studying the mixing of doughs in vacuum and in the presence 
of various gases, Baker and Mize (1937) observed that gases are 
progressively occluded in doughs during mixing. They measured the 
amounts of gas dispersed in a dough by comparing its density to that 
of the same dough mixed in vacuum. Doughs mixed in vacuum con¬ 
tained no voids or occluded gas and had a density of 1.24, whereas 
those mixt'd in gas had densities as low as 1 .02 when given excessive 
mixing. Thus the overmixed dough contained gas equal to approxi¬ 
mately 20% of the volume of tlie dough substance. At that time it 
was assumal that the stickiness and softness that often developed 
during e.xces5sivc mixing might be explained by large amounts of 
occluded ^ gas. Later these same authors (1941) studied the origin 
of gas cells in brc.Kl dough and concluded that all cells found in bread 
originate from the operations which apply work to the dough, such as 
mixing, punching, rounding, and molding. It was shown that the 
yeast organism docs not originate gas cells and that cells which are 
originated by work applied to dough may not be retained during 
subsequent operations unless the dough is in proper condition to avoid 
their loss. 

The present study was prompted by the development of a simplified 
method for <letermining density whereby the occlusion of gases in 
dough could be rapidly followed throughout the course of the dough 
mixing period. 'I'hc method was used to study the relationship 
between dough mobility, gas occlusion, and baking quality. 

Method of Determining Density 

The density of the dough taken dirc*ctly from the mi.xer w<»s de¬ 
termined by dropping small pim's into calcium chloride wdutions of 
known density at 8S®F (29.4®C) and observing whether the SHimple 
sinks or floats. Dough density can lie readily determined by having a 
scries of such solutions covering the range of densities encountered in 
dough mixing. The amounts of anhydrous calcium chloride required 
to prepare the solutions can be found in many handbooks. Calcium 
chloride solutions with densities varying between 1.24 and 1.00 cover 

i In earlier paper* the vordii ^'cmulsed,'* “omuHfication," etc., weie uicd to deernbe tlie mrorpora- 
tton of gas into dough by mixing. This has hete been changed to '^occlusion,** etc., as suggested by 
tlie Bdiior* 
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the densities of doughs encountered in these studies, including those 
which were too badly overmixed for handling, as well as those which 
were mixed in vacuum. 

Figure 1 gives the necessary infomialiou for reading either (he 
percentage of gas by volume or the volume of gas in 100 g of d«)Ugh, 
as determined by the melhcKl <le.smbcd .above. I f fats or high ahsor])- 
tion are used in dough, the tlcnsities of gjus-free dough ;u'(' lowered; 
hence, Figure 1 will give slightly high indii-ations of the aniount of 
gas in such doughs. Low protein flours, on the other hami, give llu' 
opposite effect. Care is required in selecting the dough .samples for 
this determination as large bubbles may accidentally be incorporatcrl 
in the dough and give misleading figures. Also, doughs of low densit y, 



MILULITrRS OR PfRCENT 

Fig. 1. The icUtioii of dough dexitiity to the volume and percentage of occluded gan In uvetoge bread 

doughs without Hhortening. 

such as produced by overmixing, must bo very cjirefully handled or 
gas will cscajic. Apparently such overmixed doughs I'onlain g.ns in 
fairly large bubbles which are very easily climiixatcd by manipulaticm. 
When hantlling doughs containing yeast, it is necessary to dctermini' 
the density as soon as the mixing is stopped. 

Materials 

Unless otherwise stated, four flours, Hard Spring Patent, Turkey, 
Chiefkan, and Durum, were used for the experiments. IVo arc of 
good and two of inferior breadmaking quality. 

Doughs containing 340 g of flour, 2% salt, and 4% sugar were 
mixed at optimum absorption in carbon dioxide in the McDuffy bowl 
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TABLE I 

Chemical and Baking Characteristics oi Four Types or Flours 


lour 

Ptoiem 

(12 0% r 

Ash 

nowture) 

MiMnff 

time 

\bsoip- 

tion 

Vol. ot 

1 lb lodf 

(rlutcn 
puncture ^ 


% 

% 

mtft 


Cf 

g 

Haid spring patent 

12.9 

0.39 

10 


2830 

29.4 

lurkcy 

12.3 


8 


2715 

25.4 

Chietkan (1941 crop) 

12.7 


3 


2200 

18.6 

Durum 


0.61 

4 


1800 

16.0 


‘ See Cereal Chem. 20- 506-516 (1943) foi the method of deteimmmg gluten punctoie. 


at 65 rpm with the Hobart mixer. The optimum absorption of each 
flour was determined in a previous mix. To some doughs 40 ppm of 
sodium chlorite was added. Yeast was omitted in some cases to 
facilitate the density determinations. Its presence would not have 
materially altert'd the results unless testing was delayed. For experi¬ 
ments in (he mixosraph, doughs of the same relative composition 
fomied from 35 g of flour were used. Carbon dioxide, which was 
released above the dough during mixing to eliminate the effects of 
oxygen, was retained by extending the raixograph bowl IJ" upward 
witli a thin sleeve. 

Experimental 

Dough Densities. Figure 2 gives the densities obtained by mixing 
the four flours (Table J) in the McDuffy bowl. 

In doughs from the flours of good bread baking quality, gas 
dispersed very slowly both before and after the normal mixing require¬ 
ment. The inferior flours oc('luded gas rapidly from the beginning of 
the mixing iicriod. Much larger amounts of gas wore occludeil in 
the iloughs ni.ide with the.se inferior flouns, suggesting that excc.ssiv(' 
oeeluvsioii is not de.siral)leand imlieating that r<‘sistance togas occlusion 
is one of (In* qualities of strong breail baking flours. This slower rate 
of occlusion of gas with the better bread flours could be intcnwetixl to 
indicate that since such flours yield finer crumb which have more gas 
cells, the mixing causes an increase in the number of cells by gas sub¬ 
division rather than by occlusion. The resulting more numerous and 
smaller bubbles could be more readily surrounded by gluten and thus 
gastight bubbles be obtained, as suggested by Baker (1941). 

Rdation of Gas Occlusion to the Mixogram. Since gas occlusion is a 
foam-forming process, the changes encountered in dough mixing could 
bo considered analogous to those in egg beating, with a similar stiffening 
and thinning taking place. This analogy suggested tliat the shape of 
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Fij. 2 DenBitich of unfermenU’d. untic.itcd doughs in«cd m a MiDuffy bowl m Ciubon dioxide. 


a mixogram curve, due to changes in dough consistency, might result 
from gas occlusions. To test this hypothesis, densities were deter¬ 
mined during the making of a mixogram. The relation between gas 
occlusion and dough consistency was thus observed. 

The flours used in Figure 3 were the same as those listed in Table I. 
The densities of doughs were obtained during the course of the mixing 
operation of tlic mixograph by stopping the machine at a desireci 
interval, removing a test sample, and <letcrinining the density. This 
procedure was repeated from the beginning on further samples of the 
same flour to determine other density values. Sufllcient doughs were 
mixed to determine the densities throughout the entire mixogram. 
The densities of the doughs from ofU'h Hour arc plotted directly on the 
mixogram using the same time intervals on the abscissa but (lifliTi'iit 
units for density on the ordinate. 

The results show that gas occlusion occurs more rapwlly and 
somewhat more extensively in the mixograph than in the McDufly 
bowl. The action in both mixers on different flours, however, is 
similar. The amount of gas occluded with time of mixing by these 
flours, with the exception of durum, is again in the reverse onler of 
their bread baking quality, i.e., the more desirable bread baking 
flours show greato: resistance to gas occlusion tlran do flours of poor 
baking quality. 
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The rate of gas occlusion increases slowly as the mobility curve 
first rises. When resistance to mixing reaches a maximum, the rate 
of occlusion greatly increases and gas is incorporated into the dough 
very rapidly. Thereafter gas occlusion again proceeds slowly. This 
continuing occlusion may be due, in part, to a rise in the tempera¬ 
ture of the dough during mixing. The relative behavior of the 
mixogiani and the gas occlusion curve suggests that the rise of the mixo- 
grani is due to gas occlusion. To further test this hypothesis, flours 
were mixed with 40 ppm sodium chlorite added to the liquor prior to 
combining with the flour, and the mixograms on the right side of 



Kift. 3* MuengiuniH aiul don*«itle^ of doughs mAd^ without (loit <udo) and with Hodium chlorite (right 

•udo). 

Figure 3 wore thus obtainal. The oxidation caused a more rapid rise 
of the mixograms and a more rapid occlusion rate. The maximum 
rate of occlusion again coincides with the peak of the mixogram, 
suggesting, as before, that the rise in the pattern may be due to gas 
being incorporated in the dough. 

If the increase in dough resistance as measured by the mixograph 
is due to occluded gas, then the resistance to mixing should decrease 
upon removing the occluded gas from the dough and increase again 
when the mixing is renewed. Most of the occluded carbon dioxide 
bubbles in dough can be collapsed and thus destroyed by subjecting 
the dough to pressure, thereby driving the gas into solution. If too 


44 


GAS OCCLUSION DURING DOUGH MIXING 


Vol 23 


much gas is present for accomplishing the desired collapse of the 
bubbles by pressure, it can be more completely eliminated by first 
placing the dough in a vacuum, then under pressure. The elimination 
of occluded gases is shown by a return of dough density to its initial 
value. 

Figure 4 gives the results of these experiments on chlorite-treatecl 
doughs. The mixograni labeled “Normal Mix” and “75 pounds 
pressure” was interrupted at the point where optimum “no-dough¬ 
time” baking results were obtained (Baker and Mize, 1941). The 
bowl containing the dough was removed from the mixograph, subjected 
to vacuum and pressure as above described, then returned to the 
machine and the mixogram continued. The total interrupted time 
was 30 minutes. When a control dough labeled “0 lbs.” was inter¬ 
rupted, but without pressure changes, the mixogram and density curve 



both continued as though no interruption had occurred. However, 
after the vacuum and pressure were applied, only the mixograni con¬ 
tinued as though it had not been interrupted, whereas dough <lensily 
was returned to its original value of 1.20. Upon the resumption of 
mixing the density dropped rapidly as gas occlusions were quickly 
renewed. Thereafter density changes were substantially the same as 
those of the uncompressed dough. These two experiments indicate 
that the rise in the mixogram is not due to occlusion of gius. To 
further test this point, the experiment was repeated on a dough inUT- 
rupted after the peak of the mixogram, and after the rate of occlusion 
had passed its maximum. These results are also shown in Figure 4, 
Here again, the pressure affected the density only. It is now clear 
that occlusion is only an accompanying phenomenon of mixing. The 
thickening or thinning of the dough during mixing is not due to 
occluded gas. The occlusion of gas always increases with the rise in 
the mixogram, and is fastest at its peak, after which further occlusion 
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continues slowly. Thus, apparently, the phenomenon causing the 
mixogram to rise to a peak also causes the dough to occlude gas. This 
coincidence of gas being trapped in dough at the time of maximum 
resistance to luKing suggests that in the formation of gluten during 
mixing, l)iil)bl<‘s are caught in the connected gluten micelles as they 
cohere. 

Relation oj Gas Occlusion to Baking, Baking experiments using 
the “no-dough-time’* technique have indicated that the best bread 
is obtained just before the rapid rate of gas occlusion occurs. To test 
this relationship micro-loaves were mixed in the mixograph and 
baked by a technique similar to that described by Van Scoyk (1937, 
1939), but modified to the “no-dough-time” method using 40 ppm 
sodium chlorite, described by Baker and Mixe (1941). The operation 
of the mixograi)h was stopped, the dough removed and immediately 
pimned, proofed, and baked. Five doughs were mixed to the following 
degrees, respectively: the minimum (IJ minute mix), the optimum 
baking v<ilu(‘ (4J minute mix), the peak of the mixogram (S minute 
mix), beyond the peak (SJ minute mix), and badly overmixed (12 
minute mix). I'he mixogram, the densities, and the loaves from these 
live doughs arc given in Figure 5. 

The minimum mixed loaf indicates a lack of sufficient occluded gas 
nuclei to yield a fine cellular structure; hence, the very coarse grain. 


►vouj TIM Mitres fb ?4 »/ 



I>1g. 5. Miuo-loavea panned at once <md baked Irom mucogram douglib at 8uccc<i8ivc intervals of 
mixing with 40 ppm eodium dilorite. 
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Further, its long proof time and small volume indicate that the cells 
present failed to retain gases sufficiently to give normal proof or oven 
spring. The optimum loaf shows large volume with very fine uniform 
grain and absence of large bubbles. This loaf was taken just prior 
to the sharp dccrc<ibe in density which occurs at the peak of the miKO- 
gram, and shows that at this point ample g<i& has boon octIikUkI for 
breadmaking and that it is divided into many gastight cells of small 
size. The loaf baked at the peak of the mixogram with S minutes 
of mixing shows the presence of large bubbles dispersed among the 
finely divided cells observed in the previous loaf. This cell develop¬ 
ment suggests that the gas rapidly occluded in the additional one-half 
minute to the peak of the mixogram was not all divided into small 
cells of uniform size. The larger cells expand during proofing but do 
not coalesce or rise through the dough because of the highly oxidized 
nonfluid character of these “no-dough-time” doughs, as reported by 
Baker, Parker, and Mize (1942). This loaf illustrates why the mixing 
period in making “no-dough-time” doughs is very critical. It has 
always been observed that the mixing must be slopped at a definite 
interval of time to obtain optimum results, and that further mixing 
results in irregular grain and cell size. 

The remaining loaves show marked loss in volume from mixing 
beyond the mixogram peak. The one which was mixed SJ minutes 
has very fine grain in addition to some large bubbles, indicating that 
some of the gas occluded during the peak of the mixing curve had been 
further subdivided. These overmixed doughs fail to retain gas during 
oven spring. The reason for this loss of volume must be due either 
to leakage of gas from the colls or to coalescence. The fine crumb of 
the 5 2 minute mixed loaf shows that the gas cells did not coalesce, 
and the loc<ition, shape, and size of the large cells indicate that they 
did not move upward in the dough. Hence, the failure of this dough 
to spring fully in baking must be du(‘ to cell leakage. The badly ovt*r- 
mlxed dough, at 12 minutes of operation, became .so fluid, as shown by 
its lowered resistance, that most of the gas cells suggestwl by its low 
density were lost because of coalescence and upward movement of the 
enlarged bubbles. The character of this badly overmixed dough can 
also be explained by excessive cell leakage as only a few bubbles re¬ 
tained gas sufficiently to expand. This is also indicated by the longer 
proof time. The drop in the mixogram pattern of the two over- 
mixed doughs indicates a loss of strain in the doughs and suggests 
disintegration of the gluten complex to decrease its continuity which 
permits leakage and finally coal^cence. 

To show the effects of mixing without oxidation, the above experi¬ 
ments in baking bread at different stages of the mixing period were 
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repeated with (lous>hs mixed in the McDuffy bowl. The undcrmixcd, 
optimum-mixed, and overmixed doughs only w<*rc prepared because it 
is difficult when operating the McDufly bowl to pick that point in the 
mixing which corresponds exactly with the peak of the mixograin. 

Figure 6 gives two sets of three loaves each mixed in this manner. 
Both sets were made by the “no-dough-time” technique, one being 
oxidized with 40 ppm sodium chlorite, the other without oxidation. 
The breads made from oxidized doughs, when mixed in different 
amounts in the McDufly bowl, show the same characteristics in grain 
and have similar dough density to the corresponding mixograph 
doughs, and thus suggest the number of cell nuclei observed is similar 

DEKSITIES 1.18 1.16 1.10 



UNDER MIX NORMAL MIX OVER MIX 

Kig. 6. “No-dough-tinic*’ douglw with and without sodium chlontc Piinncd at once after different 
periodB of mixing m a McDuffy bowl. 

to the loaves raixwl in the mixograph. When no sodium chlorite 
was used, identical loaves of very green character were obtained with 
all amounts of mixing. The densities of the unoxidized floughs, how¬ 
ever, were substantially the same as those of the oxidized doughs at 
the different sts^es of mixing. The unoxidized bread fails to show any 
cvi<lcnce of the gas occlusions indicated by the densities. The colls 
formed in the mixing must have disappeared from the dough during 
the proofing and baking pf the bread by coalescence and upward and 
outward movement. 

Relaxation of Doughs. In order to explain the apparent difference 
in the oxidized and unoxidized “no-dough*time” breads of Figure 6, 
similar doughs were formed in tlie mixograph. The operation of the 
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machine was interrupted at stated intervals for a period of one-half 
hour, after which the operation of the machine was rowsumed to con¬ 
tinue the mixogram. 

Densities of the doughs for all points (lelt*rniin(‘(l \v(TO obtained by 
repeating the operation of the niKograph on s('parate doughs. These 
densities are plotted on the corresponding inlorruptc^d niivograms in 
Figure 7. The interruption of the mixognims in these two series 



Uitdi^r MU Normal MU Over MU 


Fig, 7. Interrupted mixograms showuig dianges m dough mobility and density while testing Doughs 
were similar to thobe used for Figuie 6. 

was made when the amount of mixing was equivalent to that used in 
forming the doughs of the breads in Figure 6. The equivalent mixing 
times of the two mixers were determined by separate baking ex^wri- 
ments. It is to be noted that no occluded gas was lost durmg the 
interruption of mixing. Also, with one exception, the march of 
densities of the doughs continued upon resumption of mixing as though 
no interruption had occurred. The exception was in the unoxidiml 
normal mix where the dough had reached the condition of rapid occlu¬ 
sion. This condition was lost during the rest period but was n^gaimnl 
as the dough recovered its resistance to mixing. The inkograms of 
Figure 7 give an explanation for the marked <Iifl‘('rence h(*tw«'u th<> 
"no-dough-time” breads of Figure 6 from doughs with and without 
sodium chlorite. In both series, the doughs resistinl inixiag and 
occluded gas in approximately the wime characteristic manner, indi¬ 
cating organization of the gluten. Upon intcmiption, the tloughs 
without chlorite were unable to retain the strain pnxlucal in the dough 
by the mixer. During the one-half hour standing these unoxidized 
doughs relaxed without losing occluded gas. Their resistance upon 
resumption of mixing was approximately the same as at the initial 
period of the mixing. The oxidized doughs, on the other hand, re¬ 
tained the mixing strain throughout the one-half hour standing and 
the mixogram resumed, in the case of normal or optimum mi.x, sub¬ 
stantially as though the interruption had not taken place. ITn- 
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(loubledly, the same proper!}" that causes the oxidized dough to retain 
mixing strain during standing also causcb it to retain its occluded gas 
and cell structure during proofing and baking. Flow is bubstantially 
])rcvented; heiK'e, coalescence or cell movement does not occur because 
the btniin is not rele<isc(l. In the unoxidized dough the bubbles as 
they expand are unable to retain the strain, the dough structure 
rekixes, the cells coalesce and move through the dough; hence, the 
initiid cell <'ontent created in the mixing is lost in the proof. This 
intei pretation was also demonstrated in dough freezing experiments by 
Baker and Mi/c (1941), These experiments show that the effects of 
oxidation in breadmaking arc obtained by reactions that retain the 
strains developed in dough while it is being worked. 

Detisity of Sponge Doughs. The no-dough-time'* method of 
making bread used for all the work so far described herein is a useful 
tool for research. It differs from methods emi>loyed in practice in 
that all operations except mixing, proofing, and baking are eliminated. 
Further, it relies upon mixing to initiate all gas cells. It permits a 
miiiinuim of enzymatic changes and fermentation products during the 
entile operation. The interpretations obt<uncd from these “no-dough- 
tinu'" breads cannot necessarily be applied to other methods of bread¬ 
making. To study the mixing effects obtained with other methods of 
operation, tlie densities of commercial doughs were studied with the 
collaboration of four commercial bakeries. The results are listed in 
Table II. 

TABLE 11 

1)1 NSIULb 01‘ COMMI RCIAL Sl»()NOIi DOUGHS TaKEN AT HIE EnD OT THE 

Final Mix^ 

U.ik(tv Dough density 

A 1.130 (Average on 8 doughs) 

(With lange 1.121 to 1.135) 

U 1.130 

C 1.115 

I) 1.120 


* 'I ho .luthois wHh to taWo thw (jpijortmuty to oxpios'^ their thanks to M(*ssra. (iaslon Dalby, J. 11, 
I W. II. < at hi lU, and I< I. Hohu lot theh loilahuiiition lu ohUuiuiiK tho doiisitios on com¬ 

mon tal douglH. 

'1'1k'S(‘ vuliu'h arc conhulcrably lower than any densities reported 
for optiinuni mixed '‘no-dough-time" doughs. 'I'o examine the 
reasons for this dilTereuce a comparative study was made of the dough 
density obtsvined in the MeDufly bowl with a 60/40 sponge dough and 
the dtmsity of sm unfermented dough from the same flour. 

The mixing of an unfennented dough with or without broniate 
in a McDuffy bowl gives the dough clensiLy results shown at the bottom 
of Figure 8. This density curve is similar to that obtained on this 
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strong spring wheat patent flour shown as number 1 in Figure 2. It 
will be observed that bromate is without effect on dough density while 
assembling an unfermented dough. When undermixed doughs, as in 
a sponge, are permittctl to ferment and then incorporated together 
with 40% new flour into a sponge dough, much greater occlusion of gas 
is obtained during mixing. Without bromate a density of 1.16 was 
obtained by mixing such dough to the optimum. When bromated 
siJongc was mixed with the 40% new flour, a density of 1.125 was 
obtained by mixing to the optimum. This l.ittw value is in the range 
of densities obscrvtxl in commercial sponge doughs. These results 
indicate that fermentation markedly iucre.jses the rate of incoqmration 
and amount of gas which dough occludes during mixing. Also, these 
results show that bromate increases the gas occhision capacity of 
fermented doughs in a manner similar to the lesser action of sutliiim 
chlorite on unfermented doughs, 

Summaiy 

The amount of gas present in dough can be determined by com¬ 
paring its density to that of a similar gas-free dough. Flours vary 
widely in the amounts of gas which they occlude during mixing. The 
slower mixing and better bread flours are more resistant. The rate 
at which gas is occluded during mixing varies widely during different 
stages of the mixing period, being slow at first and fastest at the time 
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the (lough oflers its greatest resistance to mixing. Dough densities 
plotted on a mixogram at successive time intervals suggest that the 
resistance to mixing is caused by the occluded gas. This was shown 
not to bo true by removing occlusions of carbon dioxide gas by means 
of vacuum and pressure. With dough oxidized by means of sodium 
chlorite no change in the mixing resistance curve was produced by 
thus removing the occluded gas. 

Undermixed doughs contain the smallest amount of occluded gas. 
Baking experiments with mixograph doughs show that in undermixed 
doughs the number of gas cells is small and they are leaky. This is 
shown by the high density, the coarse grain, small volume, and long 
proof time. The best broad is obtained near the peak of the mixogram 
just before the rapid rate of gas occlusion is reached. This fact, 
together with the fine grain of the bread, its large volume, and short 
proof time, indicates that the fine cell structure is obtained, not by 
gas occ'lusion, but by gas subdivision, and by organization of the dough 
and gluten, so the celLs are gastight and retain their integrity through¬ 
out the breadmaking process. Further mixing rapidly incoqjorates 
gas to yi<dd irregular-sized bubbles and nonuniform grain. Excessive 
overmLxing results in loss of gluten ('ontinuity and coherence so that 
few cells are sufficiently gastight to expand and form the visible cell 
structure of bread. 

The action of oxidation in improving doughs is not due to cflFccls 
on gas occlusion but rather to preventing doughs from relaxing or 
flowing. Hence, oxidation of doughs prevents coalescence and bubble 
movement and results in retention of the occluded gas cells during 
their expansion in bread making. 

Fernicmtation greatly increases the gas oeduvsion rate and capacity 
of doughs. Bromate further increases this effect. Commercial type 
sponge doughs mixed in a McDuffy bowl gave optinuun doughs of the 
same dc^nsity as a number of commercial doughs which were tested. 
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One of the objects of a cereal rust research prop^ram conducted at 
the University of Minnesota was to study the effect of leaf and stem 
rust upon the translocation of certain plant constituents into the 
developing kernel and on the chemical composition of the resulting 
grain. Geddes and Levine (1942) have reported the results of a study 
of the distribution of thiamine in Thatcher wheat during ripening in 
1940. A similar investigation into the phosphorus content and its 
distribution in Thatcher and Marquis wheat, and the effect of rust 
thereon in 1941, is reported in this paper. 

The literature on the phosphorus metabolism of wheat has been 
adequately reviewed by Miller (1939) in connection with his extensive 
studies on the chemical composition of the wheat plant at dilTerent 
stages of its development. Although several workers have studied the 
concentration of phosphorus, phosphorus content, and its distribution 
in the wheat plant at various stages of maturity, there is only limited 
information on the influence of rust infection on the phosphorus 
metabolism. 

Most investigators have found that the actual amount of phos¬ 
phorus present in the stems, leaves, and glumes decrcjises during the 
maturation of the plant; whereas the quantity of phosphorus present 
in the kernel increases. There is, however, lack of agreement on the 
trends in the total phosphorus content of the entire plant as it matures. 
Some investigators have found that the total amount of phosphorus in 
the plant roaches a maximum about the time of blossoming and then^- 
after decreases, presumably due to the return of phosphorus to tlu‘ 
soil. * Others report that sonic absori)tion of iihosphorus occurs during 
its translocation into the grain, while still others have noted that tli<‘ 
total phosphorus content of th<i plant remains relatively stationary 
from blossoming to maturity. 

In his extensive studies in Kansas of the changes in dry niatlcM* 
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content and chemical composition of rust-free hard winter and soft 
winter wheat from the seedling stage to complete maturity, Miller 
(1939) found that phosphorus continued to be absorbed from the soil 
after heading and that the total amount of phosphorus in the plant 
did not generally reach a maximum until harvest. In general, the 
amount of phosphorus in the stems and leaves decreased, and that in 
the head increased, from the time of heading until full maturity. 

Caldwell, Kraybill, Sullivan, and Compton (1934) studied the effect 
of leaf nist infection on the yield, physical characteristics, and chemical 
composition of winter wheat. Phosphorus determinations were made 
only on the grain itself at successive stages of development. They 
found that leaf rust produced no significant changes in the percentage 
of phosphorus present in either immature or mature grain. However, 
as severe rust infection reduced the head yield and acre yield, the total 
quantities of phosphonis per head were greater in the mature control 
plants. 

Grcaney, Woodward, and Whiteside (1941) studied the effect of 
stem rust on the productivity, chemical composition, and quality of 
mature Marquis, a hard red spring wheat variety. Like Caldwell 
et al, they found no significant difference in the percentage of phos¬ 
phorus in the grain as a result of severe stem rust infection in 1934 
and 1935. In 1937, however, the percentage of phosphorus in the 
grain appeared to increase with the increase in severity of stem rust 
infection. In their experiments, appreciable leaf rust infection oc¬ 
curred along with stem rust in the 1934 and 1935 scries. The authors 
suggest that in the grain, “rust infection interferes considerably more 
with the deposition of organic than with inorganic compounds.” In 
1937, analyses were made of the mature straw in addition to the ripe 
grain. Severe rust infection resulted in a 50% increase in the per- 
cc'utage of phosphorus in the straw, in comparison with the relatively 
rubt-free plants. 

Materials and Mefhbds 

In the prebont investigation, Thatcher was used for the study of the 
elfect of loiif rust, Marquis for that of stem rust. Both varieties were 
sown on May 5, plot treatments were started May 19, and continued 
through July 21, Inoculations with a uredial composite of 16 physio¬ 
logic races of Puccinia ruhigovera tritid (Erikss. and Henn.) Carl, 
prevalent in the spring wheat region were used to induce the leaf rust 
epidemic; a composite of 14 common physiologic races of Puccinia 
graminis tritid (Pers.) Erikss. and Henn. was used to induce the stem 
rust epidemic. 

Relative control and regulation of the intensity of the rust epi- 
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demies were obtained by means of sulfur dusting. Two methods of 
approach, ^‘preventive’* and “inhibitive,” were employed. By the 
use of the preventive method, the incidence of rust was dolayod by 
sulfur dusting until certain stages in plant dovelopmeiit were reached; 
after this, artificial rust inoculations were made at weekly intervals. 
In the iiihibitive series, rust infec'tion was indiu'tKl artificially in the 
early stages of plant growth; further progress of the epidemics was 
arrested at given periods by weekly applications of sulfur dust. 

The samples used in this study were limited to plants taken from 
two sets of replicate test plots, eight of which represented the lightest, 
and eight, the severest, rust infection that prevailed. In the least 
severely infected plots, no artificial inoculations were made and natural 
rust incidence was controlled by weekly applications of sulfur <lusl. 1 n 

the most severely infected plots, the plants were inoculated with nusl 
at weekly intervals but received no sulfur dusting. The finst s<implevs 
for the biochemical determinations were cut from the Thatcher i)lots 
on July 7, those from the Marquis plots, a week later; subsequent 
samples were obtained at semiweekly intervals thereafter. I'he 
collection and preparation of the samples for analyses followed the 
methods described by Geddes and Levine (1942), ^ 

As an index of progressing maturity, the dry matter weights per 
thousand kernels and the moisture contents of the entire wheat tiller 
were determined. Five hundred air-dry kernels per sample were 
counted and weighed in duplicate. The moisture contents of each 
plant fraction were determined on samples ground in a Wiley labora¬ 
tory mill (equipped with a sieve having O.S mm openings) by the one- 
hour, 130®C air-oven procedure, as described in Cereal Laboratory 
Methods (4th ed., 1941). The moisture contents of the entire tillers 
were computed from the original weights of the various fractions and 
the moisture lost on air-drying and on oven-drying. 

The samples were analyzed in duplicate on diflerent days for tol«d 
phosphorus by the colorimetric procedure, outlined in Cereal iMhora* 
lory Methods (4th ed.). Transmission of light was (letermiiu*d in a 
Coleman Model 11 Universal Spectrophotometer at 533 nijU' 'Fhe ash 
content of the samples was determined by ignition overnight at 
approximately S7S®C. The phosphorus (expressed as P) and ash 
results were computed on the dry matter basis. 

Results and Discussion 

The data for kernel weights and moisture contents of the entire 
tillers at successive stages of maturity of Thatcher and Marquis wheat 
variously infected with leaf and stem rust, respectively, are pn^onted 
in Table I. The percentages of phosphorus present in the throe frac- 
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lions—^grain (kernels), chaff (glumes and rachides), and straw (stems 
and leaves)—into which the tillers were divided, and the percentage 
of phosphorus in the entire tillers, are recorded in Tabic II. Since 
the weights of each fraction and the number of tillers represented were 
known, it was possible to calculate the total quantities of phosphorus 
])resent in eac h fiaction and in the entire tiller. These data arc given 
in 'fable 111. The percentage distribution of the total phosphorus 
of the tiller <imong the three plant fractions was computed from the 
data of Table III and are recorded in Table IV. 

Effect of Leaf and Stem Rust on Kernel Weight and Plant Transpira¬ 
tion. The effect of severe leaf rust infection on the weight of the 
developing 1'hatcher kernels became pronounced 3 weeks after blos¬ 
soming, while the effect of stem rust on Marquis became evident a 
week sooner. The ultimate decrease in kernel weight of Thatcher 
due to leaf rust was 2.5 g per 1,000 kernels, as compared with a de- 
cn^'ise of 6.2 g per 1,000 kernels for Marquis on account of stem rust 
('ral:)le I). The increased rate of moisture loss brought about by 

TABLE I 

Errrci or Maiuriiy and Rust Infection on thf Wfigiit pfr Thousand 
Ktrnils and im Moisturf Conteni of the Tillers 




Most liglitly nisted wheat 

Most sevexely nisted wheat 


Stictessive stages 

Weight 

Moibtuie 

Weight 

Moistuie 


of kernel 

pei 1,000 

content 

per 1,000 

content 


development 

kernels 

of aei lal 

kernels 

of aerial 



(dm basis) 

tiller 

(dm basis) 

tiller 



g 

% 

g 

% 

Thiitchor 

31.7% leaf rust 

89 5% leaf rust 

7 

Pie-milk 

3.7 

70 8 

4.6 

71.2 

to 

milk 

6.0 

69.8 

6.6 

68.3 

14 

I-ate milk 

9.1 

65.2 

9.7 

65 1 

17 

Soft (loujifh 

12.S 

64.0 

12.5 

62.6 

?1 

Medium douah 

16.1 

59.0 

16.5 

57 2 

24 

Hard douRh 

19.9 

52.2 

18.1 

48.8 

28 

ficniiripe 

20.1 

39.6 


26,2 

31 

!<'ull ripe 

2L2 

25.8 


20.8 

Marquis 

3.2% stem rust 

48.6% stem rust 

7 

Pie-milk 

60 

68.4 

5.9 

67.3 

10 

Early milk 

9.9 

66.0 

9.7 

65.6 

14 

Late milk 

14.2 

61.2 

13.9 

59.7 

17 

Soft dough 

18.9 

54.4 

15.0 

52.1 

21 

Medium dough 

23.3 

46.8 

16.9 

35.4 

24 

Hard dough 

24.0 

36.2 

17.S 

20.5 

29 

Near ripe 

24.4 

22.6 

18.2 

19.3 
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severe leaf rust infection became quite evident 24 days after blossoming 
and reached its peak 4 days later; in the case of stein rust, the greater 
moisture loss of the severely infected plants bec'ame ])ron()unccd 21 
days after blossoming and reached its maxinuuii 3 days lat<T. liven 
though the average maximum stem rust infection on MarqiiLs was onl^^ 
48.6%, as compared with an average maxiimim of 8<).S% leaf rust on 
Thatcher, the effects on average kerni'l weight and inoiwStnre conti^nt 
of the tiller were sharper in the case of stem rust. 

Effect of Maturity on Phosphorus Content ami Its Distribution. The 
results for the least severely infected samples of Thatcher (average* 
31.7% leaf rust) and of Marquis (average 3.2% stem rust) are probably 
the most indicative of the normal course of j^hosphorus metabolism 
and, therefore, the discussion of the effect of maturity on phosphorus 
content and its distribution will be based principally on the data ob¬ 
tained from the most lightly infected series of test plots. However, 
similar trends were exhibited by the results procured in the most 
severely rusted scries. 

TABLE n 

Effect of Maturity and Rust iNFEcnoN on the PnospnoRUS Concentration 
IN Various Fractions of the Wheat Plant 


Potcent phosphorus (P)—dry matter basis 


Days 

* 

Successive stages 

Most lightly rusted wheat 

Most severely rusted wheat 

bios- 

of kernel 
development 




Entuc 




Entire 



Gram 

Cliaff 

straw 

aerial 

Grain 

Chaff 

Straw 

aerial 






tiller 




tiller 



% 

% 

% 

% 

% 

% 

% 

% 

Thatcher 

31.7% lenf rusl 

89.5% leaf rust 

7 

Pre-milk 

0.S9 


0.26 

0.28 

0,62 

0.30 

0.29 

0.31 

10 

Early milk 

0.53 


0.23 

0.28 

0.61 

0.26 

0.27 

0.31 

14 

Lille milk 

0.51 

0.25 

0.22 

0,28 

0.56 

0.23 

0.23 

0.31 

17 

Soft dough 

0.54 


0.18 

0.28 

0.54 

0.24 

0.21 

0.30 

21 

Medium dough 

0.49 


0.16 

0.26 


0.21 

0.17 

0.31 

24 

Hard dough 

0.51 


0.12 

0.28 

0.53 

0.24 

0.15 

0.20 

28 

Semiripc 

0.56 

0.24 

0.10 

0.28 

0,.S4 

0.25 

0.13 

0.28 

31 

Dead ripe 

0.55 


0.09 

0.29 

0.56 

0.25 

O.U 

0.20 

Marquis 

3,2% stem rust 

48.6% stem rust 

7 

Pre-milk 

0.51 

0.31 

0.27 

0.29 

0.60 

0.32 

0.28 

0.31 

10 

Early milk 

0.56 

0,28 

0.21 

0.27 

0.53 

0.31 

0.27 

0.31 

14 

Late milk 

0.53 

0.29 

0.19 

0.28 

0.55 

0.28 

mMm 

0.31 

17 

Soft dough 

0.55 

0.26 

0.17 

0.29 

0.56 

0.31 

0.19 

0.31 

21 

Medium dough 

0.S3 

0.24 

0.09 

0.25 

0.56 

0.33 

0.18 

0,31 

24 

Hard dough 

0.57 

0.23 

0,09 

0.28 

0.57 

0.26 

0.15 

0.29 

29 

Near ripe 

0.56 

0.20 

0.08 

0.27 

0.59 

0.14 

0.12 

0.27 
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In both Thatcher and Marquis the percentage of phosphorus in the 
grain showed no definite trends as maturity progressed (Table II). In 
the chaff the percentage of phosphorus tended to decrease slightly as 
the plants approached maturity. In the straw the percentage of 
phosphorus dc^re<iscd greatly with maturity, constituting in the ripe 
plants only one-third of what it was at one week after flowering. In 
the entire tiller the concentration seemingly remained relatively 
constant. 

When comparisons arc made on the basis of total phosphorus per 
100 tillers of lightly rusted plants (Table III), the phosphorus content 

TABLE III 

EFFitCT OF Maturity and Ru^t Infection on the Phosphorus Content 
OF Various Fractions of the Wheat Plant 


Phosphoms content (P) per 100 tillers 


Days 

Suot stages 

Most lightly rusted wheat 

Most severely rusted wheat 

ciftci 

bins- 

ol kotnel 
development 




Entire 




Entire 



Giam 

Chaff 

Stuiw 

aorul 

Gram 

Chaff 

Straw 

aenal 






tiller 




tillei 



g 

g 

g 

g 

£ 

g 

g 

g 


Thatcher 

31.7% leaf rust 

89.5% leaf rust 

7 

Pre-nvilk 

0.03 

0,08 

0.28 

0.39 

0.05 

0.08 

0.27 

0.39 


Early milk 

0.08 

0.08 

0.22 

0.38 

0.09 

0.06 

0.23 

0.38 

14 

Late milk 

0.14 

0.06 

0,23 

0.44 

0.13 

0.05 

0.17 

0.35 

17 

Soft dough 

0.20 

0.05 

0.16 

0.41 

0.17 

0.05 

0.16 

0.38 

21 

Medium dough 

0.24 

0.06 

0.13 

0.43 

0.24 

0.05 

0.13 

0.42 

24 

Hiiril douuh 

0.29 

0.05 


0.44 

0.23 

0.05 

0.10 

0.37 

2B 



0.05 

0.07 

0.40 

0.21 

0.04 

0.08 

0.33 

31 

ripe. 


0.06 


0.46 

0.21 

0.05 

0.08 

0.34 


Maniuls 


3.2% fetem rust 

48,6% stem rust 

7 

IVe-niilk 


O.ll 

0.35 

0.S2 


0.10 

0.3S 

0.S4 

10 

hkirly milk 

0.14 

masm 

0.26 

0.49 


0,09 

Em 

0.S3 

14 

Lille milk 

0.20 

0.08 


0.49 


0.08 

0.26 

0.56 

17 

Soil doUKh 

0.29 

o.or 


0.55 

0.23 

0.08 

0.19 

0,50 

21 

Medium dough 

0.33 

0.07 

0.09 

0.49 

0.24 

0.08 


0.49 

24 

I lard (lough 

mmm 

0.07 

mmm 

0.56 

0.29 



0.49 

29 

Near rip<* 

0.39 

0.06 

0.08 

0.53 

0.31 


0.11 

0.47 


of the grain of both varieties increased greatly until mature, over ten¬ 
fold in the case of Thatcher and about sixfold in that of Marquis. 
The total phosphorus content of the chaff decreased to two-thirds of 
its original value in Thatcher and to approximately one-half in 
Miurquis. In the straw the total phosphorus of both varieties de- 
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creased to less than one-quarter of the amount present one week after 
flowering. In the entire tiller no clear-cut change was apparent, 
considering the fact that errors in determining phosphorus and dry 
matter are accumulated in calculating the values. The data seem to 
indiaitc that most, if not all, of the phosphorus ultimately found in 
the mature plant tiller is present within a week or two after blossoming 
and thereafter is translocated from the chaff and straw into the de¬ 
veloping kernels. 

The translocation of phosphorus into the kernels is clearly demon¬ 
strated by the changes in the percentage distribution of the total 
phosphorus in the three plant fractions as the plants mature (Table IV). 

TABLE IV 

.Effect or Maturity and Rusr Infection on the Disiribution or 
Phosphorus in the Wheat Plant 


Days 

dftet 

blos¬ 

soming 

Successive stages 
ot kernel 
development 

Distnbution of phosphoms 

Most lightly X listed vrheat 

Most soveiely rusted wheat 

Gram 

Chaff 

Stiaw 

Gram 

Clwff 

Straw 

% 

% 

% 

% 

% 

% 

Thatcher 

31.7% leaf rust 

89.5% leaf rust 

7 

Pre-milk 

8.7 

19.5 

71.8 

11.9 

20.1 

iiHsii 

10 

Early milk 

21.4 




15.1 

61.3 

14 

Late milk 

32.9 

14.1 

53.0 

36.9 

13.6 

49.5 

17 

Soft dough 

48.3 

12.9 

38.8 


13.0 

43.0 

21 

Medium dough 

56.3 

12.8 

30.9 

57.4 

11.2 

31.4 

24 

Hard dough 

67.2 

ll.l 

21.7 

61.1 

12.8 

26.1 

28 

Semiripe 


12.2 

17.6 

63.0 

13.2 

23.8 

31 

Dead ripe 

73.9 

12.2 

13.9 

61.5 

15.0 

23,5 

Marquis 

3.2 

% stem rust 

48.6% fatom ruhl 

7 

Pre-milk 

12.8 

20.6 

66.6 

17.3 

19.1 

63.6 

10 

Early milk 

28.1 

18.7 

S3.2 

24.6 

17.3 

58.1 

14 

Laic milk 

41.7 

16.4 

41.9 

39.5 

14.8 

45,7 

17 

Soli dough 

S3.0 

13.4 

33.6 

46.7 

16.0 

37.3 

21 

Medium dough 

68.1 

13.3 

18.6 

49.9 

16.6 

33.5 

24 

Hard dough 

71.9 

12.1 

16.0 

58.5 

13,9 

27.6 

29 

Near ripe 

74.2 

10.8 

15.0 

66.3 

9.6 

24.1 


In the lightly rusted Thatcher the percentage of the total phosphorus 
present of the entire tiller increased in the kernels from 8.7% a week 
after flowering to 73.9% at full maturity; in the chaff it decreased from 
19.5% to 12.2%; and in the straw it was reduced from 71.8% to 13.9%. 
Similar translocation trends were evident in the case of lightly rusted 
Marquis. 
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It is of interest to compare these data on hard red spring wheats 
grown in Minnesota with the corresponding study conducted by Miller 
(1939) with winter wheats grown in Kansas. In contrast to our re¬ 
sults, he f»und, with only one exception, that the total amounts of 
phosphorus in the plants reached their maximum around harvest time 
However, he found very similar trends to those reported here—in the 
distribution of the total phosphorus in the various plant fractions, as 
maturity progreSvSed. As the kernels developed, the total phosphorus 
in the head increased, and that in the stems and leaves decreased. 
Similar observations on the translocation of phosphorus during kernel 
development have been made by many other workers, as reviewed by 
Miller. In agreement with our data, he found that the percentage of 
phosphorus present in the stems and leaves decreased from head 
formation to harvest In two of the three years in which his studies 
were conductc^d, he found that the percentage of phosphorus in the 
heads, in general, showed a slight decrease from the time of their 
formation to maturity; in the third year, the percentage of phosphorus 
showed a marked decrease for four weeks and then slightly increased 
during th(‘ fin*il two weeks of maturity. The percentage of phosphorus 
in the chaff also markcxlly decreased from head formation to harvest 
In our studies, there were no consistent trends in the percentage of 
phosphorus in the kernels as the grain matured, but the concentration 
in the glumes and rachides decreased appreciably. 

The similarity in the translocation of phosphorus found in tliis 
study with that of thiamine, as reported by Geddes and Levine (1942), 
is very striking. However, the initial proportion of the total thiamine 
present in the kernels was higher, and the final percentage in the glumes 
and rachides w<'is much lower than the corresponding values for 
phosphorus. 

Jijfect of Rust Infection on Phosphorus Content and Its Distribution. 
A comparison of the results obtained for the most severely infected 
siimples of l'halch<T (average 89.5% leaf rust) and of Marquis (average 
48.6% stem rust) with the data from the least severely rusted plots 
(Thatcher, average ol 31.7% leaf rust; Marquis, average of 3.2% stem 
rust) provides a measure of the effect of rust on the metabolism of the 
wheat plant. 

During the early part of the ripening period, the kernels of the 
severely rusted spring wheats contained a slightly higher percentage of 
phosphorus than the kernels of the lightly rusted wheats; these 
differences decreased with maturity (Table II). These results are in 
general agreement with those obtained by Caldwell et ah (1934), who 
found that leaf rust produced no significant changes in the percentage 
phosphorus present in the grain of winter wheat at various stages in 
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its development. Greaney et ai. (1941) also found no differences in 
the percentage of phosphorus present in the mature kernels of Marquis 
wheat, variously affected by stem rust, in two of the three years in 
which their studies were carried out. In the present study the per¬ 
centage of phosphorus in the chaff was not affected, in any definite 
manner, by severe leaf rust infection during any stage of kernel de¬ 
velopment; but severe stem rust infection tended to result, though not 
entirely consistently, in a slightly higher percentage of phosphorus in 
the chaff at the more advanced stages of maturity. However, regard¬ 
less of the rust involved, the stems and leaves of the heavily infected 
plants contained a higher pcicentage of phosphorus than the lightly 
infected plants through the entire period of kernel development. At 
maturity the percentage of phosphorus in the straw of plants severely 
infected with either leaf or stem rust was approximately 50% greater 
than in that of the lightly infected plants. These results parallel 
closely the results obtained by Greaney et al, (1941) on the effect of 
stem rust on the percentage of phosphorus in the straw. In the entire 
tillers the percentage of phosphorus was slightly higher in the heavily 
rusted plants during the early stages of kernel development; but in 
the fully ripe plant the differences completely disappeared. 

In contrast, the total phosphorus content of the entire tiller was 
markedly lowered by severe rust infection 24 days after blossoming, 
while its translocation into the kernel was arrested concurrently in 
the case of leaf rust, and a week earlier in the case of stem rust (Table 
III). The decrease in total phosphorus is associated with the effect of 
cereal rust on yield of dry matter, whereas the interference with trans¬ 
location is associated with the more rapid desiccation of the severely 
infected plants, due to excessive transpiration. 

In the early stages of kernel development an appreciably higluT 
percentage of the total phosphorus was present in the kernels of the 
most severely infected Thatcher and Marquis than in those of the 
least severely infected plants (Tal)lc IV). Thus, a week after ffower- 
ing, the most severely rusted Thatcher kernels contained 11.9%, 
whereas the kernels of the most lightly infected Thatcher contained 
only 8.7% of the total phosphorus. The corresponding valu<‘s for 
Marquis were 17.3% and 12.8%, respectively. However, the mature 
kemds of the more lightly leaf rust-infected Thatcher contained 73.9% 
of the total phosphorus of the entire tiller, whereas, in the movst severely 
affected plants, the ripe kernels contained only 61.5% of the total 
phosphorus. With Marquis, on which the average maximum stem 
rust infection (48.6%) was much lower than the average maximum 
leaf rust infection on Thatcher (89.5%), the effect of the rust on trans¬ 
location was somewhat less pronounced; the mature Marquis kernels 



Tan, 1946 A. HOFFER, W. F. GEDDES, AND M. N. LEVINE 


61 


from the most lightly infected plants contained 74.2% and those from 
the most severely rusted plants contained 66.3% of the total phos¬ 
phorus. It is evident from the results obtained in this study that 
the over-all rate and extent of translocation is markedly influenced 
by the severity of rust infection. Thus, the difference between the 
final and initial percentages of the total phosphorus present in the 
kernels in the most lightly leaf rust-infect^ Thatcher was 65.2%, as 
compared with a difference of 49.6% for the most severely rusted 
Thatcher. The corresponding differences for stem rust-infected Mar¬ 
quis were 61.4% and 49.0%, respectively. The retarding rate of 
translocation in the severely rusted plants became most pronounced 
during the later stages of kernel development and paralleled the 
increased rale of transpiration associated with the severity of rust 
infection. The effect of transpiration on translocation seemed to 
occur about a week earlier in the case of stem rust, than in that of 
l(*.if rust, and continued until maturity. 

Rffeit of Maturity on Phosphorus Content of Ash. An analysis of 
the data for the percentage of phosphorus in the ash showed that the 
severity of leaf or stem rust infection appeared to exert little material 
influence on the values. Accordingly, the data for variously treated 
s<implus witliin each variety, at corresponding maturity dates, were 
combined and their mean values recorded in Table V. The phos- 
I)horus content of the ash of the entire tillers of both varieties remained 
more or loss constant as maturity progressed. However, as the plants 
matured, there was a relatively greater translocation of phosphorus 
than of the other ash constituents into the kernel. Thus, in Thatcher, 
the ix'rcentage of phosphorus in the kernel ash increased from 17.7% 
at 7 days after blossoming to 27.3% at full maturity; the percentage 
of phosphorus in the ash of the chaff (glumes and rachides) fell from 
4.1% to 1.9%; while in the straw (stems and leaves), the phosphorus 
in the ash w.i8 reduco<l from 2.9% to 1.3% as the plant ripened. In 
Marquis, the preferential translocation of phosphorus into the kernel 
was less tiuu'tol than in Thatcher, increasing from 21.1% to only 
24.8% thiring the maturation porio<l. 

Precision of the Colortmetric Method for Total Phosphorus. The, 
precision of the colorimetric method for phosphorus is shown by the 
data presented in Table Vf. To determine whether the experimental 
errors were influeitced by the magnitude of the phosphorus values, 
the samples were classified according to phosphorus content into three 
groups. Experimental errors were calculated from the duplicate 
determinations for the samples within each group and for the entire 
series. The absolute error did not increase proportionally with phos- 
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TABLE V 

Phosphorus Conient of the Ash of Various Fraciions of the 1"^ ani 

AT Successive Stages of Kernel Development 




Percentage of phosphorus m ash of wheat plants 

Number of 

Succefe‘^ivc stages 




Entue 
t tal 
tilki 

days after 
blobsoming 

of kernel 
development 

Grain 

Chaff 

Stiaw 



% 

% 

% 

% 


Thatcher 


7 

Pre-milk 

17.7 

4.1 

2.9 

3.5 

10 

Early milk 

21.5 

3.2 

2.7 

3.5 

14 

Late milk 

22.5 

2.4 

2.4 

3.6 

17 

Soft dough 

24.9 

2.1 

2.2 

3 9 

21 ' 

Mediumdough 

26.1 

1.8 

1.7 

3.9 

24 

Hard dough 

26.6 

1.8 

1.4 

3.8 . 

28 ! 

Semiripc 

26.8 

1.8 

1.2 

3.7 

31 

Dead ripe 

27.3 i 

1.9 

1.3 

3.8 


Marquis 


7 

Pre-milk 

21.1 

4.8 

3.1 

3.9 

10 

Early milk 

22.5 

4.1 

2.8 

3.9 

14 

Late milk 

23.2 

3.1 

2.6 

4.3 

17 

Soft dough 

24.2 

2.9 


4.1 

21 

Medium dough 

24.2 

2.8 

1.7 

3.8 

24 

Hard dough 

25.3 

2.4 

1.4 

4.1 

29 

Near ripe 

24.8 

1.7 

1.4 

4.2 


phorus concentration, although it is highest for the class representing 
samples which contained the highest percentage of phosphorus. The 
coefficient of variability decreased rather sharply with the increase in 
the mean values of the samples. The percentage errors show the pre¬ 
cision of the method used in this study to be quite vsatisfactory. 


TABLE VI 

Errors op ihe Colorimetric MEaiioi) for Dpu:rminaiion of I^nospiioHUh 


Claes 

Number of 
samples 

I*hosphoru8 (I*)—diy mattei basis 

Coelhcient of 
vaimbiUty 

Class lange 

Class mean 

standard erroi 
per single 
dctcimimition 

% 

% 

% 

% 

1 

54 

0.00-0,21 

0.16 

0.018 

11,4 

2 

86 

0.22-0.43 

0.27 

0.016 

6,0 

3 

61 

0.44-0.62 

0.55 

0.027 

4.8 

All 

201 

0.00-0.62 

0.33 

0.021 

6.3 
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Summary 

"fotcTl ])hosph()rus (k^tcrnunations were made on three plant frac¬ 
tions j»r*iin (kerin‘ls), chaff (glumes and rachides), and straw (stems 
and lcav(\s) [)rci>ar<‘d from tillers harvCvStcd during kernel filling from 
plots <»f 'I'liatcluM* and Marcpiis wheals variously infected with leaf and 
vst(‘ni rust, n\si)ectively. 'Fhe leaf and stem rust epidemics were 
induc(‘d by artificial inoculations and the intensity of natural rust 
infi‘(dion was ('ontrolled by periodic sulfur dustings. Average kernel 
weights and moisture contents of entire tillers were determined as 
iiulices of i)rogressive maturity. 

Avt'rage k<Tiu^l weight was advemely affected by severe rust in- 
fi^c'tion, partk-ularly stem rust. Transpiration rate was accelerated to 
a gr(‘at(‘r <‘xtent by stem rust than by leaf rust, even though the 
averagi‘ maxinuim stem rust infection was 48.6%, as compared with 
an av(‘rag<^ maximum of 89.5% leaf rust infection. 

P(TC(^iilage of phosi)horus in the dry matter of the kernels remained 
more* or k‘hs constant with progressive maturity. In the chaff (glumes 
an<l ra<diidcs) the percentage of phosphorus tended to decrease appreci¬ 
ably as the plants approached maturity, whereas in the straw (steins 
and l('av(\s) a very couvsistont and most pronounced decrease occurred. 

I'otal phosphorus in the entire tiller remained relatively constant 
throughout maturation, but the phosphorus was translocated from the 
straw and chaff into the developing kernel. The translocation of 
phosi)lu)rus <^xceeded that of the other ash constituents. 

Siwen^ly rusted plants contained a somewhat higher concentration 
of phosphorus in the grain than the more lightly infected plants during 
the early stages of kcrn(d development, but the differences were reduced 
us the plants approached maturity. Intensity of rust infection was 
without api)ar(mt influence on the percentage of phosphorus present 
in (lu‘ i'haiT, but caused a definite increase in the concentration of 
phosphorus in the' straw fraction in the final stages of maturation. 
The efft'Cds Wi‘re similar in the case of leaf and stem rust. 

S(W(‘re k'af rust infection, as that of stem rust, lowered the total 
plK)ST)horus content of the entire tiller of the wheat plant and markedly 
inti^fored with its translocation into the kernels. 
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RAPID DETERMINATION OF BROMATE IN FLOUR 

A. A. Towner and R. C, Koeitn 


General Mills, Inc., Wichita, Kansas, and Minneapolis, Minni'sota 
(Received for publication Augu<)t 20,1945) 


Various techniques have been proposed from time to time for the 
estimation of bromate in flour, of which the most recent is that sug¬ 
gested by Geddes and Lchberg (1938). Although the method de¬ 
scribed by these authors is specific for bromate in the presence of other 
common oxidants, it apparently is slow and difficult, becauvse tliey say, 
^*A single determination requires approximately 8 hours and one 
analyst can conduct up to four determinations simultaneously.'' 
They also attempted to use a technique published by Kulman (1934), 
in which added bromate is separated by dispersing flour in carbon 
tetrachloride, but reported it to be unreliable. 

Although we were not aware of Kulman's work at the time, we 
discovered several years ago that bromate was quite commonly present 
when carbon tetrachloride was used to separate added phosphates from 
certain export flours, and that a rough estimation of the amount of 
such bromate by the usual volumetric procedures was entirely feasible. 
Some time later wc worked out the details of a satisfactory procetlun* 
based on carbon tetrachloride separation. Since wc have obtaiiicHl 
entirely satisfactory results using this technique, we are luTt^wilh 
offering the procctlure in detiiil. 

Reagents; 

flj Carbon tetrachloride. 

(2) Starch indicator solution, 1%. Suspend I g soluble starch in a small volume* 
of cold water, pour into boiling water, cool and <lilute to 100 ml. 

(3J Sulfuric acid, 10%. 

(4) Potassium iodide solution, 50%, 

(5) Sodium thiosulfate, 0.01 N. 

Procedure: 

Weigh^ IS g flour into a 50 ml centrifuge tube containing about 20 ml of carbon 
tetrachloride. Disperse the flour thoroughly by means of a spatula or stirring rod 
but do not allow the flour to reach the bottom of the tube, f^ill the tube to within 
one inch of the top with additional carbon tetrachloride and centrifuge for 2 minutes 
at a speed suffid^t to effect a dean separation between flour and liquid. 

Insert a stirring rod or spatula to the point of separation, and using a circular 
motion again disperse the flour. Centrifuge again for 2 minutes. Repeat dispersion 
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with stitrine rrul, ,itul mittifuee for 3 to 5 minutes or until the flour is densely packed 
and the carhem t<‘trarhl<)iidc is cle^ir. 

Hold the tulH‘ in an inclined position and remove the flour by means of a small 
sp(K>a or si),ituU, Carefully manipulate the lube until it is finally inverted and 
lomove an^ flout still adheiim^ by use of a small cotton swab, makinpf sure that none 
ol tlu‘ soIkI lesulue at the bottom of the tulic is lost. Evaporate residual carbon 
tetiac hlonde at room teiniK^i.ilurc, 

I )issol\ e the i isidue in 5 to 6 ml water, add 2 ml 10% sulfuric acid, 1 ml potassium 
hxlide solution, «uid 1 ml stau h indicator solution and titiatc with 0 01 iV thiosulfate. 

Potassium biomate, Ki«nus per cwt. « ml 0.01 iV thiosulfate X 0.84. 

In oKiHTiiiK'ntiin* with additions of known amounts of bromate, 
wo found that repeated rosuspcnsioii of flour and centrifuging is 
nec'cssary if r<‘li<ible results arc to be obtained. The more finely 
pulv<‘ri7XHl is the bromate employed, the more is it necessary to resort 
to multiple singe conlrifuging. With these precautions, however, wc 
have consistently obtained recoveries of 90 to 110% or belter. The 
tabulation below gives results obtained in three different laboratories 
by tliis m<‘thod on samples of flour to which known quantities of 
bromate liad lieen added. 


HtomAto addcsl 


Added bromate recovered 


laboratory A 

B 

c 

g per fter/. 

% 

% 

% 

0.75 

100 

— 

— 

1.0 

99 


— 

2.0 

99 

— 

— 

2.3 

102 

100 

94 

4.5 

99 

98 

97 


This method cannot be applied to whole wh<iat flours which have 
been trental with bromate by dissolving the salt in water and applying 
to the whole grain. The procedure as given is not specific for bromate 
but will imducle any salt with density greater than that of carbon 
tetrachloride and which will oxidize an acidified iodide solution. Thus 
iodatOvS, iHTSulfales, etc., will be reported as bromate. It seems 
probable, liowever, that the technique suggested by Kolthoff and 
II nine (1943) could be applied to the residue imd thus iodates and 
bromales could be ciuanlitativcly distinguished. 
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A RAPID METHOD FOR THE DETERMINATION OF 
BROMATE IN BROMATED FLOURS 


A. Hoffer^ and A. W. Alcock^ 

$ 

(Received for publication July 20, 1945) 

For many years oxidizing agents such as potassium broniale, 
ammonium persulfate, nitrogen trichloride, and chlorine have been 
used as flour and dough improvers. Of these potassium bromate is 
one of the most commonly used and has, perhaps, been most widcl} 
studied. Probably close to 90% of all the spring wheat flour sold in 
Canada contains added bromate, the usual dosage being about 5 /xg 
per g (5 ppm). A method, at once rapid and reasonably accurate, 
for the determination of a substance so frequently found in commercial 
flours is very much needed. 

Geddes and Lehberg (1938) made a study of the subject, and of the 
methods they investigated found that the one described by Yales 
(1933) for the determination of bromine in blood best lent itself to 
the purpose in view. By an adaptation of this method, using special 
glass equipment designed by Binnington (1937), bromate in flour could 
be determined in the presence of other oxidizing agents such as perio¬ 
dates. The standard error of a single determination was 0.000097% 
(0.97 Mg/g). Although four tests can be made simultaneously, a 
single determination by the method of Geddes and Lehberg takes 
about hours, a fact which seriously limits the usefulness of the 
method for routine work. 

Ford, Kent-Jonos, Maiden, and Spalding (1940) also described a 
method for the determination of bromine in flour and provided an 
extensive review of the literature on the subject. Since the natural 
flours they examined varied in bromine content from 2.4 to 7.7 /tg jxt 
g, the authors concluded that the additions of bromate usual in 
Britain, which increased the bromine content by an average of 3.6 /xg 
per g, could not be dotcctcxl by moans of a bromine determin<il}on. 
In view of this, and because high bromine content tnay now Ix^ duo (o 
the use of methyl bromide as a fumigant, no reference will Ixi made to 
more recent methods for determining bromine in flour, 

A modification of the method outlined in Cereal Laboratpry Methods 
(4th Ed,', 1941) has long been used as a semi-quantitative test for 
bromate in flour. In brief, the method consists of dropping a mixed 
reagent of hydrochloric acid and potassium iodide on a smooth flour 
surface. The reagent is prepared just before use and is added drop by 
drop until the su rface is uniformly wetted. Deep purple spots appear 

1 ChemwL Purity Flour Mills Limited, Wumipeg, Manitoba. 

»Chief Chemist, Punty Flour Mills Limited, wumipeg, Manitoba. 
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if bromate is present. With bromate of one uniform fineness, the 
number of spots per unit area is roughly proportional to the amount 
of the improver present in the flour. Unknowns can be compared 
with standards containing known dosages of the improver. 

The mor(i precise method now to be described is base<l on the same 
reaction, but the flour is first extracted and the bromate in the extracts 
determined by measuring the intensity of the violet color produced 
upon the addition of acidified potassium iodide. 

Experimental 

Apparatus 

(1) 250 ml Erlcnmeycr flasks. 

(2) 50 ml centrifuge tubes. 

(3) Coleman Univcrsdl Spectrophotometer, Model 11, and optically matched 
round cuvettes ot 1.7 cm diameter. 

Reagents 

(1) Potassium chloride solution, 25% in 2% acetic acid. 

(2) Potassium permanganate solution, 5.0 mg/ml. 

(3) 5% hydrochloric acid (c.p. free from chlorine). 

(4) 1 % potassium iodide solution. 

(5) Mixed reagent. Equal parts by volume of 5% hydrochloric acid and 1% 
potassium iodide mixed immediately before use. 

(6) SUindard potassium bromate solutions, 2.5 Aig/ml and 5.0 ^/ml. These 
solutions arc prepared as required from a solution containing 100 jug/ml 
which is stable. 

(7) 0.5% starch solution, prepared by the following method as outlined by 
Plainer (1944): While stirring add approximately 30 ml of a 20% sodium 
hydroxide solution to a suspension of 2 g of soluble starch in 300 ml of 
water and allow to stand for 1 hour. Neutralize with concentrated hydro¬ 
chloric acid using litmus as an indicator and then add 1 ml of glacial acetic 
acid. Dilute to 400 ml with water. This solution can be used for an 
indefinite period. 

Method, Weigh 2,5 g of flour into a 250 ml Erlenmeyer flask if the sample 
contains less than 20 /xg/g of bromate and 1.25 g if it contains between 20 and SO /ig 
of bromate per g. Add 49 ml of 25%) potassium chloride solution in 2% acetic acid. 
I)ispers<‘ the flour thoroughly and add 1 ml of permanganate solution, shaking the 
flask while doing so. If 1.25 g of flour is taken, use a solution containing 2.5 mg in¬ 
stead of 5 mg oi pt^rmanganate per ml. Allow to stand at room temperature for IS 
minutes with ot'casional shaking. Pour the mixed .suspension into centrifuge tubes 
and centrifuge for 10 minutes or until clejir. Pipette 10-iul aliquots into 4 test lubes. 
IV) tube (1) add 6 ml of distilled water; to tube (2) 1 ml of distilled water; to tube (3)1 
ml of standard bromate solulioiA'ontaining 2.5 jug/ml; and to tube (4) 1 ml of stand¬ 
ard !)romalc solution containingi'SVR/nil. Prepare the mixed roajjent'and add 5 ml to 
each of tulx's 2, 3, and 4. Immediately add 1 ml of starch solution to all four tubes, 
mix the contents of (\irh, and exactly 10 minutes after the addition of the mixed 
reagent, read the optical density at the absorption peak.® Tube (1) is the blank. 

The optical density is directly proportional to the concentration of bromate. 
ITie bromate concentration in the flour is determined from the increments in optical 
density due to additions of the standard bromate solutions. When 2.5 g of flour 
is used, the concentration is given by the formula: 

^ ... ,, . / 2.5XAX 50 5A 

Concentration of bromate, Mg/g « b X 10 X 2 5 ^ ~W 

where A is the optical density of the unknown in tube (2), 

B is the average of the differences in optical density between tube (3) and 
tube (2), and between tube (4) and tube (3), 


»In all the determinations reported in tins paper the optical density was read at S7S mxi. 
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Effect of Potassium Chloride Concentration, The effect of concen¬ 
tration of the potassium chloride used for extraction was investigated 
over a range of S to 25% using a bleached and unbleached short patent 
and a bleached and unbleached first clear milled from Canadian hard 
spring wheat. Of each flour 2.5 g was extracted with 50 ml of potas¬ 
sium chloride solution of the indicated concentration in 2% acetic 
acid and to 10 ml of each clear extract 5 iig of potassium bromate 
was added. No permanganate was used. The mixal reagent and 
starch were then added and after 10 minutes the optical density 
readings were taken. The results in Table I show that increasing the 

TABLE I 

Opiical Density Produced by S of Potassium Bromate in Flour Exiracts 
AS Influenced by Concentraiion oi Potassium Chloride 


Flour 


Optical denuty 


Grade 

Ash 

% 


Concentration of KCl 

5% 

10% 

15% 

20% 

iS% 

Patent 

0.38 

None 

0.064 


0.133 


0.165 

Patent 

0.38 

Agene and Alsop 

0.123 



0.225 


Clear 

0.82 

None 

0.002 



0.010 


Clear 

0.82 

Agene and Alsop 

0.000 





Mean 



0.047 






concentration of the potassium chloride from 5 to 25% greatly in¬ 
creased the optical density. Because it gave the maximum readings, 
the 25% solution was adopted as the extractant. At all levels of 
ixjtassium chloride concentration the bleached patent gave higher 
readings than the unbleached patent, and the unbleachwl patent 
higher readings than the clear. Before t he method could lx? consideaHl 
to possess any promise whatever, these discrepancies - apparently 
caused by variations in the quantity of bromate reduced ‘ by tlie 
extracts of different flours while tlic test was being carried out had 
to be eliminated. 

Effect of Permanganate. To destroy the substances rosiwusiblo for 
the loss of bromate, various oxidizing reagents were tried and of thc8(‘ 
potassium permanganate was found to be most suitable. It oxidiztxi 
the flour extracts to the extent that they no longer reduced bromate 
while the determinations were being carried out and was itself so 
quickly and completely reduced that none was left to liberate iodine 


< Thou^ we speak of the bromate bems redueed, its di^ppearance can be lust as well explained 
on the theory that it la adsorbed on some constituent of the flour extract. In a subseciuent paper we 
hope to submit evidence in support of the latter explanation. 
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when iodide (mixed reagent) was added. The same results were 
obtained whether the permanganate was added to the flour suspension 
before or after the addition of the brornate. 

The same flours previously used were extracted as before except 
that the extractant now consisted of 49 ml of potassium chloride 
solution and 1 ml of a solution containing 2.5 mg of potassium per¬ 
manganate. Varying concentrations of potassium chloride were again 
used and to a 10-ml aliquot of each clarified extract 5 iig of bromate 
was again added. Results of optical density measurements, taken 10 
minutes after the addition of the mixed reagent, are given in Table II. 


TABLE II 

OpncAL Density Produced by 5 mg of Potassium Bromate in Flour Extracts 
AS Influenced by ihe Concenpration or Poiassium Chloride, 
Permanganate Being Added to ihe Extract 


Floui 

Optical density 




Concentration of KCl 


Grade 








s% 

10% 

1S% 

20% 

25% 


Patent 

None 

0.114 

0.175 

0.190 

0.220 

0.235 

Patent 

Agene and Alsop 

0.115 

0.172 


0.220 

0.247 

Clear 

None 

0.130 

0.178 


0.235 



Agcne and Alsop 

0.120 

0.158 

K iiil 

0.230 

0.255 

Mean 


0.120 

0.171 

0.200 

0.226 

0.249 


A comparison of the results in Tables 1 and II shows that the 
addition of ix-nnanganate to the extractant ha<l no effect on the 
intensity of the color developed in the bleached patent extracts, bill 
causi'd pronounced increases in the readings for the unbleached patent 
and still greater incn'UM's with the clear. With all flours the more 
conmitratcd potassium chloride solutions again gave the higher 
optical densitic's. 

The effect of iiermanganate may be seen more clearly from the 
calibration curves of optical density against bromate concentration 
shown in Figure 1. The plotted results were obtained as follows: To 
2.5 g of the flour a mixture of 49 ml of 25% potassium chloride solution 
in 2% acetic acid and 1 ml of a solution containing 2.5 mg of potassium 
permanganate was added, followed by the specified amount of bromate 
as soon as the permanganate color had disappeared. The determina¬ 
tion of optical density was then carried out according to the usual 
procedure. The experiment was repeated using 50 ml of potassium 
chloride solution without permanganate. An unbleached feed flour 
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having an ash content of 1.40% was included in the permanganate 
series. 

With permanganate in the extractant, the bleached and unbleached 
patent and clear, as well as the bleached patctit without permanganate, 
gave five sets of results which were in such close agreement that they 
wore taken to produce a single curve. Apparently no loss of bromalc 
occurred while these tests were being made. Without permanganate 
the curve for the unbleached patent was logarithmic at lower bromate 
concentrations and a straight line at higher concentrations, while the 
curves for the clear flours became straight Urn's only at the higlu'st 
concentrations of bromate. These three curves are interpreted to 
mean that, except in the straight line ix>rtions, bromate losses were 
taking place and that these losses were relaled to the bromate concen¬ 
tration and the degree of oxidation (grade and bleach) of the flour. 
By extrapolating the straight line portions of the curves to 2 ero 
optical density, the maximum loss for each flour can be estimated as 
follows: Unbleached patent 4 to 5 jug per g of flour, bleached clear 
11 jug, and unbleached clear 16 jug. 

Feed flour with permanganate gave a straight line curve which, 
however, upon extrapolation, did not pass through the origin, the 
indicated loss of bromate being 1 jug per g of flour. It was a very 
low-grade product and was used, not as an example of a bromated 
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flour of commerce but in order to include flours at both extremes of 
the grade scale. 

The effect on tlic optical density of using different quantities of 
I)crmangiinatc was studietl with results shown in the curves which 
make up part of Figure 2. 



L06 PERMANGANATE CONCENTRATION 


per g . 
with the 


fig, 2. Effect on optical density of varying permajaaga^te concentmtion from I Mg to 10,000 Mg 
3 flour. (Left) Using different gi^es of flour. (Right) Using different concentrations of KCl 
the same flour (bleached clear). 
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£ach flour was suspended in the 25% potassium chloride solution, 
permanganate was added, and this was followed by 10 /ig of bromale 
per g of flour, after the permanganate color had disappeared, 'fho 
regular procedure was then followed. The curves differ rat her widely, 
but they show that for each flour there is a range of permangaii.it e 
additions which produce almost constant optic.il density re.uHngs. 
Those ranges were as follows: 

Range of KMnO< addition*! 

producing unitoim Mean optical density 

Flour optical density within kMnOi range 

Patent unbleached 0.5 to 3 mg/g of flour 0.232 

Patent bleached 0 to 3 mg/g of flour 0.246 

Clear unbleached O.S to 3 rag/g oi flour 0.251 

Clear bleached 0.5 to 2 mg/g of flour 0.256 

Feed flour 1.0 to 3 mg/g of flour 0.200 

From Figure 1, it was concluded that a .small loss of bromatc 
occurred when 1 mg of permanganate was used per g of feed flour. 
Since a larger quantity of permanganate apparently failed to rotlucc 
this loss, bromate cannot bt‘ accurately determined in such very low- 
grade flour by the proposed method. For the determination of 
bromate in the short patent and clear flours used in those exiwrimenls, 
the addition of from 0.5 to 2 mg of ixinnanganate per g of flour gave 
satisfactory results. In our own application of the method we have 
used 2 mg. 

Table II showed that, using 1 mg of permanganate per g of flour, 
higher optical densities were obtained with more concentrated potas¬ 
sium chloride solutions. It seemed of interest to determine whether 
this was due to a salt effect on the intensity of the color or to losses 
of bromate at lower potassium chloride concentrations. In the latter 
case an adjustment of the quantity of permanganate might be exiiocted 
to prevent these losses and thus bring into line the optical densities 
obtained with different conorntrations of pota8.siuin chloride. The 
procedure used in the prewding experiment was adoptwl, but instead 
of using different flours, the SJimo flour (blcaclicd clear) was susjxnKU'd 
in potassium chloride solutions of different strength made up fis alw.'iy8 
in 2% acetic acid. The combined effect of variations in porniang<nna(e 
and potassium chloride concentrations is shown by curves reproduced 
in Figure 2. 

The results indicated that the more concentrated the potassium 
chloride solution the less reducing material it extracts. The plateaus 
in the curves for 20 and 25% potassium chloride are wider and occur 
at lower permanganate concentrations than those in the curves for the 
10 and 15% solutions. The 5% curve showed no plateau, the optical 
density increasii^ progressively with increasing amounts of peniianga- 
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natc. Not all of these features arc well shown by the separate log 
curves, but the essential data are as follows: 


KCl concentiation 


Range of KMnOi additionb pioducmg 
uniform optical density 


Mean optical density 
witlun KMnOi range 


25% 

5S| 

10 % 

5% 


0.5 to 2 mg/g of Horn 
0.75 to 3 mg/g of flour 
1.5 to 3 mg/g of floui 
2 to 5 mg/g of flour 


0.256 

0.246 

0.223 

0.220 


Jn strong potassium chloride extracts little bromate-reducing 
material is present and this is satisfied by small additions of permanga¬ 
nate. Jn the 25% extract 0.5 mg of permanganate was suflficient, 
but amounts up to 2 mg did not materially alter the readings. The 
extra pemranganate was evidently reduced to produce compounds 
which did not react with iodide. Oxidation with still larger amounts 
of pcrmangcxnate, however, led to the formation of products capable of 
liljorating iodine from iodide. (No explanation can be suggested for 
the dips in the curves shown in Figure 2.) 

When much reducing material is present in solution, as is the case 
with the 5% potassium chloride extract, relatively large quantities of 
pennanganate must be added to prevent loss of bromate, if, indeed, 
it is completely prevented. Probably before this stage is reached, 
oxidation products that react with iodide have already been formed, 
with tlie result that there is no plateau in the curve. 

The test thus <lepends on the fact that 25% potassium chloride in 
2% acetic acid extracts Ijromate without, at the same time, taking up 
relatively large amounts of strongly reducing substances. 

The prcci'ding experiment shows that the low optical density 
results in Table IJ were due to the use of insufficient permanganate or, 
in the 5% ixrtassium chloride extract, to tlie presence of interfering 
material. That it was not due to a salt effect on tlie color is confirmed 
by the rc'sults of the next experiment. 

lixt racts of bleached and unbleached clear were made with different 
concentrations of ixitassium chloride, and to one aliquot of each 
extract, bromate equivalent to 10 fig per g of flour was added and to 
another the equivalent of 20 fig per g. The differences in optical 
density readings between the pairs of aliquots arc reported in Table III. 

Variations in the potassium chloride concentration from 10 to 25% 
had little if any effect on the optical density. 

Effect of Time and Temperature of Extraction. The results were 
unaffected by varying the time of extraction from IS to 60 minutes or 
by varying the temperature of a IS-minuto extraction from 0® to 50®C. 
Bromate losses during extraction in the absence of permanganate 
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TABLE III 

Increase in Optical Density of Extracts Containing 20 hgIg of Potassium 
Bromate over Extracts Containing 10 hgIg of Bromate as 
Influenced by Concentration of Potassium Chloride 



Optio.il density 

Flour and ticatnient 

CtmceulMtioii ol K.CI 



5% 

10% 

IS% 

■10% 

25% 

Bleached clear 
Unbleached clear 

0.210 

0.220 

0.242 

0,242 

0.245 

0.247 


0.245 

0.2S0 


increased at 70®C, and when the temperature was raised to 100® all 
the bromate was reduced. 

Stability of Color, When the optical density of a blank, prepared 
by adding mixed reagent to an unbromated Hour extract in 25% 
potassium chloride, was deducted from the optical density of the same 
extract containing bromate, it was found that the color intensity due 
to the bromate increased for 6 or 7 minutes after the addition of iodide 
and then remained stationary. The optical densities of the bromated 
extract and the blank continued, however, to show an upward drift. 
In the interval from 10 to 20 minules after the mix<Nl reagent was 
added, the mean increase in 16 experiments was 0.015, equivalent to 
0.6 jug g of bromate. This increase took place whether permanga¬ 
nate was added or not and was due to the slow liberation of iodine by 
other reagents, by substances other than bromate in the flour extract, 
or by dissolved oxygen. Because of this change in color with tinus 
readings must be made exactly 10 minutes after the mixed reagent is 
added. 

Characteristics of the Starch-Iodine Color, In our analys<\s of 
commercial flours, the starch-iodine solutions showed a maximum 
light absorption at a wave length of approximately 575 mju and w<* 
have uschI that wave length consislenily. vSoluble starch is ad<UHl to 
the extracts in order to ensure an i^xcess, especially when (lt*aling witli 
heavily bromated flour. When iodine niacted with (he sohibUs >star(*h 
alone, the maximum light absorption was found to be at 600 mju. In 
spite of the addition of soluble starch, the absorption characteristics 
are always largely determined by the nature of the reacting carbo¬ 
hydrates extracted from the flour. Fortunately, small variations in 
the absorption maximum can be safely ignored since the absorption 
peak is broadly rounded and because an internal standard is used- 

The potassium chloride extract of a 15-year-oId flour (with th<‘ 
usual amount of added soluble starch) showed a maximum absorption 
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at 420 mil, but some factor other than age alone must have been 
responsible for tliis low reading, for on testing a sample 39 years old, 
its peak was found to be at 550 m/x. It is not known to what extent 
the absorption characteristics of the starch-iodine solution are influ¬ 
enced by the iyyio and grade of wheat from which flours are produced 
or by other factors such as flour storage conditions. Certain low-grade 
flour strcMiiis give solutions having a maximum absorption at lower 
wave lengths, i.e., they are more reddish in color than usual. In case 
of doubt the absorption characteristics should be investigated, as may 
be quickly and easily done by means of a spectrophotometer. 

Interference by Other Improvers. Of the following oxidizing agents 
which were added to flour at a concentration of 100 /xg per g, potassium 
persulfate, ammonium jx^rsulfate, potassium iodate, potassium perio¬ 
date, potassium chlorate, and potassium perchlorate, only the iodate 
and ix^riodate reacted with the mixed reagent. Consequently, bro- 
niate cannot be estimated by the rapid method in the presence of 
either of these two salts. Ordinary dosages of nitrogen peroxide, 
nitrogen trichloride, and chlorine do not interfere with the test. 
Heavily chlorinated flours may react wth the mixed reagent, but such 
flouns are seldom, if ever, treated with bromate. 

PreciUon of the Rapid Method. Twenty bromated flours were 
analyzed in duplicate. The mean of all the determinations was 
13.17 /xg per g and the mean difference between duplicates, which were 
run on different days, 1.01 /xg per g. The standard error of a single 
determination was 0.97 /xg per g. 

To find what part of the error was associated with the steps 
involved in the development and measurement of the color, two 
aliquots of each of 16 extracts of bromated flours were taken for the 
measurement of optical density. The standard error was found to be 
0.41 /xg ]>or g, or nearly half the total error. 

Summary 

Potassium bromate in flour may be quickly determim^d by ex¬ 
tracting with 25% potassium chloride in 2% acetic acid, allowing the 
extracted bromate to react with acid potassium iodide, and measuring 
the optical density of the amylose-iodinc solution at the maximum 
light absorption. 

The method depends upon the fact that concentrated potassium 
chloride solution extracts only small quantities of interfering sub¬ 
stances. Sufficient permanganate is added to the extractant to destroy 
these substances without the formation of oxidation products which 
react with iodide. 
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Below S0°C the temperature and time of extraction arc not critical 
factors. 

Bromates in commercial flours have been determined by measuring 
optical densities at a fixed wave length of 575 m/x, but wider (*xporumce 
may show the necessity for varying this wave length according to the 
absorption characteristics of the starch-iodine solution. 

Spring wheat flours ranging in grade from sliort patents to first 
clears have been analyzed by tlic method. It cannot 1^ applied to 
very low-grade flours since they yield (extracts which react with 
bromate while the test is in progress. 

Bromate cannot be determined by the proposed method in the 
presence of iodate or j^eriodate. Other improvers, when used in the 
dosages commonly applied to bread flour, do not interfere. 

The standard error of a single determination is 0.97 jwg I>tT g of 
which approximately half is due to errors in sampling and (‘xtractioiu 
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THE DISTRIBUTION OP THIAMINE IN WHEAT SEEDLINGS 
AT DIFFERENT STAGES OF GERMINATION 
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Inquiries arising from the efforts of nutritionists to increase the 
vitamin content of the diet have led to a suggestion that the use of 
germinated cereals should be encouraged (Nutrition Reviews, 1943). 
Burkholder and McVeigh (1942) report^ significant increases in 
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riboflaAnn, niacin, biotin, and pyridoxine during germination of cereals 
but found no change in total thiamine, although the concentration of 
this vitamin in green seedling leaves was high compared with that in 
the original seed. A later summary presented by Burkholder (1943) 
pointwl to the conclusion that a slight increase in thiamine, accom¬ 
panied by very marked increases in riboflavin and niacin, occurred 
when seeds were germinated in a greenhouse for five or six days. On 
the other hand, McVeigh (1944) found no significant change in the 
thiamine content of oat seedlings which were allowed to grow in the 
dark for five days. The leaf showed absolute increases; the coleoptile 
little or no change. Davis, Laufer, and Saletan (1943) reported that 
malted barley and wheat were much higher in riboflavin, a little higher 
in niacin and iiantothcnic acid, and a little lower in thiamine than the 
unnialted samples. From these reports it appears that when cereals 
are allowed to germinate in the light, small increases take place in the 
thiamine content of the plant as a whole, but in the dark there is no 
increase in total thiamine, though some transfer from seed to leaf 
occurs. The purpose of the present study was to investigate the con¬ 
tent and distribution of thiamine in the organs of the wheat seedling 
at successive stages of germination in the dark. 

Experimental 

A sample of Marquis wheat was steeped to 44% moisture at 10“C 
(SQ'T) and transferred to a dark germination chamber, described by 
Meredith, Hlynka, and Sallans (1944), that was maintained at 11.7'’C 
(53®F) and 100% relative humidity. 

Samples were removed at intervals over an 18-day period and a 
&(‘lec(ed number of seedlings immediately dissected into kernel and 
sprout sivtions. 'Fhe kernel was divided transversely into approxi¬ 
mately equal brush and genn portions. At the end of the fourth day 
the sprout was large enough to divide into upper and lower fractions. 
The upper fraction comprised the coleoptile, stem, and any foliage 
leaves that had formed; the lower fraction consisted of tlie scutcllar 
node and the rootlets. 'I'o locate the thiamine in the sprout in greater 
detail, the lower fraction of the samples germinated for 18 days was 
further disscctetl into two portions, one consisting of the root system 
and the other the scutellar node. The various fractions were air-dried, 
weighed, and analyzed for thiamine by the regular thiochrome method 
outlined in Cereal Laioratory Methods (4th ed., 1941), except that the 
sodium hydroxide and potassium ferricyanide solutions were combined 
before use. Sample and extractant were thoroughly mixed by means 
of a Waring Blendor. The determinations were made both with and 
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without takadiastase and all the results are reported on an air-dry 
basis (approximately 10% moisture). 

Results and Discussion 

The distribution of the air-drj' weight of the ht‘e<IUug between the 
two kernel fractions and the sprout, together with the values (using 
diastase) for thiamine concentration, total thiamine per 100 seedlings, 
and the distribution of the total thiamine of the sc’cdling in the three 
fractions at different periods of growth arc shown graphically in 
Figure 1. The corresponding data for the upper and lower fractions of 
the sprout in comparison with the entire sprout arc represented in 
Figure 2. 



Fig. Weigiixt distribution and the concentiation, content, and distiibution of tlUamine in different 
fmctions of the 'wheat seedling at successive stages of germination in the dark. 
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TIME - DAYS 


TIME-DAYS 



5 10 15 20 5 10 15 20 

TIME-DAYS TIME-DAYS 


2 WoiKht diHttibution and the (otiuiiliaiion, umU^nt, and distribution of tliiamim tii the 
ontuo wlu it Hproiit and its uppin and lowci fractions at successive sUiiws of germination in the daik. 

I ho upiH»r iiactloii ol the «piout <ompiis(*d the colcoptile, stem, and any foluige leaves tlut had formed, 
the lowei fiaction consisted of the lootlcts and scutello* node. 

The air-dry weii?ht of the sprout relative to that of the entire 
seedling increased regularly from approximately 3% at 2 days germina¬ 
tion to about 34% at 18 days germination. 

The thiamine concentrations in the brush and germ halves of the 
kernel at two days germination were 1.4 and 7.9 /ig/g air-dry weight 
respectively as contrasted with 20.9 fitg/g in the sprout. After an 
apparent slight decrease between the second and the fourth day, the 
thiamine concentration of the brush half of the kernel remained rela¬ 
tively constant at approximately 1.1 ixg/g during the remainder of the 
18-day period. In the germ half, however, there was a decrease to 
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4.8 txgfg as germination progressed—a decrease that probably occurred 
at a more uniform rate than was indicated by values influenced by 
errors in dissection and assay. In the sprout, the thiamine concentra¬ 
tion fell rapidly (after an apparent increase at 4 days) to 11.3 /zg/g at 
18 days. In the seedling as a whole the concentration showed little 
change except for a small increase during the later stages of germination 
when the air-dry weight of the seedling slightly decreased. The lower 
fraction (rootlets and scutcllar node) of tlic sprout was much richer 
in thiamine than the upper fraction (coleoptile, stem, and foliage 
leaves). At 4 days germination the thiamine concentration in the 
lower fraction was 34.9 /xg/g as compared with 17.1 /xg/g in the upper 
fraction; the coiresponding values at 18 days germination were 13.8 
and 7.7 /xg/g (Figure 2). When the lower fraction was further sub¬ 
divided on the eighteenth day into rootlets and nodal tissue, it was 
found that the thiamine concentration in the scutcllar node was con¬ 
siderably higher than in the rootlets (Table I). 


TABLE I 

Distiubution of Thiamine, Including Coc^rboxylase, in WnrAx Seedlings 
AFTER 18 Days GrRMiNATioN IN THE Dark 


Fraction of plant 

Weight i>er 
100 plants^ 

Distribution 
of weight 

I hummed 
conccntxation 

X hiaminc 
content per 
100 seedlmgs 

Distribution 
of thiamine 

Sprout 

8 

% 

Ml8 


% 

Upper fraction * 

0.344 

13.9 

7.7 


18.3 

S<^tellar node 

0.268 

10.8 

17.5 


33.1 

Rootlets 

0.238 

9,6 

9.6 


16.2 

Kernel 




HH 


Germ half 

0.749 

30.3 

4.8 


25.4 

Brush half 

0.871 

3S,4 

1.1 

1.0 

7.0 

Entire seedling 

2.470 

100.0 

5.8 

14.2 

100.0 


I Air-diy bdsi*t (approximately 10% mowlme). 
* Coleoptile, atom, and foliasc loavi^. 


Because of changes in the weightb of the various fr.ictions, the 
concentration data fail to indicate tho changes in the thiamine content 
of the seedling and its fractions as germination progresses. These 
can be seen by computing the total thiamine values per hundred 
seedlings or seailing fractions. No significant change occurred in the 
quantity of thiamine present in the entire seedling, but the sprout 
increased in thiamine at the apparent expense of the brush and germ 
halves of the kernel, particularly the latter. From the second to the 
eighteenth day the percentage of the total thiamine of the seedling 
present in the sprout increased from 11% to 68%, while in the germ 
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end of the kernel it decreased from 75% to 25% and in the brush end 
from 14% to 7%. The decrease in the total thiamine present in the 
brush end began at the fourth day when the germ end had already 
lost about one-third of the thiamine it had contained on the second 
day. 'riie total thiamine content of the upper and lower fractions of 
the sprout iiUTeased at approximately tlie same relative rate (Figure 2). 
After 18 days roughly half the thiamine in the sprout was in the nodal 
tissue, the remainder being about equally divided between the rootlets 
'and the coleoptile-stem-leaf fraction (Table I). The increase in the 
total thiamine content of the sprout took place relatively faster than 
the increase in air-dry weight, especially during the early stages of 
growth. Thus on tlie fifth day the sprout contained about 9% of 
the air-dry weight and 38% of the thiamine in the entire seedling, and 
at the eighteenth day, 34% of the weight and 68% of the thiamine. 

The increase in the proportion of the total thiamine of the seedling 
which is found in the sprout as germination proceeds docs not neces¬ 
sarily prove that thiamine is translocated from the kernel (particularly 
the germ half) during germination. The data can also be explained by 
assuming that the vitamin is utilized and destroyed in the kernel, 
whereas it is synthesized in the sprout. However, since the total 
thiamine in the entire sc'cdling remains virtually constant throughout 
tlae whole period of germination, this interpretation implies an exaef 
balance between the rate of destruction and of synthesis. It therefore 
seems more logical to interpret the results as indicative of the trans¬ 
location of thiamine from the kernel to the sprout where it is required 
for the active respiratory processes occurring there. McVeigh (1944), 
however, in a .similar study of the distribution of B vitamins in oat 
sewllings consuh'rs that vitamin synthesis occurs in the sprout (par¬ 
ticularly the leaves). She states that as the seedling grows, the 
vitamins arc constantly being used so that “ the assays do not indicate 
the total amounts of vitiunins pro<luced within the seedling but rather 
the excess of production over the amounts used.” In her studies with 
oat seedlings grown in the dark, she found significant increases in 
total riboflavin and niacin but little or no change in total thiamme. 

Results of thiamine determinations without the use of takadiastasc 
are reported in Tables II and III as free thiamine; the differences 
between these values and those obtained when enzyme was used are 
reported as bound thiamine. Since they are influenced by errors of 
both detenninations, tlie bound thiamine values are not very reliable, 
but they suffice to show that germinating wheat contains very little 
cocarboxylase and that most of it is in the sprout. From the results 
reported by Hoffer, Alcock, and Geddes (1943) with respect to the 
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cocarboxylasc content of commercial wheat germ and other mill 
products, it appears that little, if any, synthesis of this substance 
occurs during germination, or that destruction balances synthesis. 


TABLE II 

Free and Bound Thiamine Concentration or Fractions or Wnr at Si i dlin(.s 
AT Successive Stages of Germinaiion in xhe Dark 



Free thiamine concentration^ 

Bound thiamine concentration^ 

Germi¬ 

nation 

Kernel 

Sprout 


Kernel 

Sprout 


period 





Entire 

seedling 





Entire 

seedling 

Brush 

half 

Germ 

half 

Lower 

fraction* 

Upper 

fraction* 

Brush 

half 

Germ 

half 

Lower 

fraction* 

Upper 

fraction' 

Doyv 

Mgig 

/^glg 

mk 

y^lg 

mig 

Mgig 

M/g 

ttg/g 

ftgig 


4 

1.0 

5.5 

30.2 

12,9 

4.8 

0.2 

0.2 

4.7 

4.2 


5 

l.O 

58 

23.4 

11.8 

4 6 

0.1 

0.5 

4.1 

2.0 


7 

1.0 

52 

17.6 

11.3 

4.5 

0.1 

0.4 

3.5 

0.8 


9 

1,1 

57 

16.7 

11.6 

4.9 

0.0 

0.0 

1.3 

00 


11 

1.0 

5.5 

13.3 

9.9 

5.0 

0.1 

0.1 

2.8 

0.0 


14 

1.1 

4.7 

12.4 

m/tm 

5.1 

0.1 

0.2 

0.6 

1.1 


18 

1.1 

4.9 

12.7 


5.4 

0.0 

0.0 

1.1 

l.l 



1 Air-dry basis (approximately 10% moistuie) 

* Rootlets and scutellar node 

* ColeoptilCf stem, and any foliage leaves that have formed 


TABLE III 

Distribution of Free and Bound Thiamine in Wheat Seedlings 
AFTER 18 Days of Germination in the Dark 


Fi action of plant 

Thiamine' j 

concentration 1 

I hiammc content 
per 100 plants 

Distxibution 
of thiamine 

Ftce 

Bound 

Free 

Bound 

Free 

Bound 

Sprout 

Upper fraction * 


y^gfg 

MP 


% 

% 


1.1 

2 ^ 


17.3 

33 3 

Scutellar node 


0,6 

4.5 

Bfh 

33.8 

22.2 

Rootlets 

8.1 

1.5 

1.9 


14.3 

44.5 

Kernel 







Germ half 

4.9 

0.0 

3.6 

0.0 

27.1 

0.0 

Brush half 

1.1 

0.0 

1.0 

0.0 

7.5 

00 

Entire seedling 

■ai 


13.3 

0.9 

100,0 

100.0 


I Air-dry basis (approximately 10% moisture). 

* Coleoptile, stem, and any foliage leaves that liave formed. 


The results obtained in this study, like those reported by others, 
show that the thiamine content of wheat cannot be increased by 
germination in the dark. Indeed, if the sprouts arc removed during 
subsequent processing, as is the case when barley is malted, appreciable 
losses of thiamine will occur. But if the total thiamine content of 
germinating wheat does not increase, neither does it decrease. Esther 
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thiamine was not destroyed as a result of its participation in the 
physiological activities associated with germination and seedling 
growth, or the rates of destruction and synthesis were equal. 

A single experiment showed that when the 18-day seedlings were 
exposed to the light, synthesis of thiamine occurred very rapidly. 
The synthesized thiamine was found distributed over the kernel, and 
the various fractions of the sprout. 


Summary 

Total thiamine content of wheat seedlings grown in the dark was 
essentially constant over an 18-day germination period at 11.7®C. 
From the second to the eighteenth day, the percentage of the total 
thiamine present in the sprout increased from 11% to 68%, while in 
the geim end of the kernel it decreased from 75% to 25% and in the 
brush end from 14% to 7%. These results indicate that thiamine is 
translocated from the kernel to the developing sprout. Preferential 
translocation of thiamine relative to total air-dry material was most 
pronounced during the early stages of growth. 

Thiamine concentrations of 1.4, 7.9, and 20.9 ju^/g air-dry material 
respectively in the brush half, genn half, and sprout at 2 days germina¬ 
tion fell to 1.1, 4.8, and 11.3 jug/g respectively at 18 days germination. 

Thiamine concentration in the fraction of the sprout comprising 
the rootlets and scutellar node was approximately twice that of the 
remaining structures (coleoptile, stem, and leaves). Further dissection 
of the sprout after 18 days germination showed the scutellar node to 
have a much higher thiamine concentration than any other part of 
the seedling. 
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FTOTHER STUDIES ON THE MECHANISM OF THE ACTION 
OF OXIDATION AND REDUCTION ON FLOUR 

MARJORir IIOVVE 

Ruiscll-Millci Milling Company Rcsaxich I^Ixiiatoiy, Miniuapolis, Minnc-sotd 
(Rcconed foi publit itiun June 22, Idis) 

The mechanism of the action of oxidation and reduction on flour 
has long been the subject of extensive iesc<irch and considerable con¬ 
troversy. The theory that sulfhydrvl compounds affect dough by 
means of activation of naturally occuning proteolytic enzymes in the 
flour has been forwarded by Tpr^ensen (1935, 1938) and by Balls and 
Halo (1936, 1938). On the other hand, this point of view has been op¬ 
posed by groups who intequet the action of sulfliydr3'l as affecting the 
gluten structure. The investigation of Baker, Parker, and Mize (1942, 
1943) on the lole of pentosans in affecting dough quality offers a possi¬ 
ble mechanism of action of oxidizing and reducing agents that excludes 
both the proteolytic theory and the view of direct chemical protein 
alteration. Actually there is no conclusive proof which theory is cor¬ 
rect since all of the work reported gives data which are at best only 
suggestive and the interpretation varies widely. 

The foundation on which the proteolytic theory has been developed 
began with the conclusion of Jjiirgensen (1935) that flour contains 
“powerful but latent” proteolytic enzymes of the papain type. Jffr- 
gensen (1938) supported this point of view by experiments demonstrat¬ 
ing a decrease in the liberation of water-soluble nitrogen in flour ex¬ 
tracts containing added bromate. Balls and Hale (1938) used tlieir 
demonstration of the papain nature of the proteolytic enzyme in wheat 
bran as a prop to the theory; and in a later paper (1940) they found a 
sulfhydryl-containing substance in the petroleum other extract of flour 
which they stated might serve as a natural protease activator tliat 
could, in tliis capacity, modify die gluten. I.<iter, Elion (1943) at¬ 
tempted to lend credence to tlie proteolytic tlieory by experimentb 
showing tliat addition of glutathione or a papain preparation to dough 
had a softening effect, while dough made from heated flour was softened 
only by tlie papain preparation. Since the latter must have contained 
sulfhydryl compounds, there is no conclusive evidence that the protease 
in the preparation played a role. Even in the case of the heated flour, 
the differences observed may have been due to the quantitative differ¬ 
ence in sulfhydryl applied as glutathione and in the papain preparation. 
There can be no doubt concerning the fact that addition of sulfhydryl 
compounds softens dough, but this fact alone constitutes no proof that 
the effect is due to proteolysis rather than some other mechanism. 
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On the basis of a variety of h3TX)thescs, other workers such as 
Bungenberg de Jong (1938), Ford and Maiden (1938), Read and Haas 
(1939), and Swanson and Dines (1939) opposed the proteolytic theory. 
Opposition was also presented by Sullivan, Howe, Schmalz, and Astlc- 
ford (1940) whose work indicated that changes in the sulfur linkages in 
the gluti'n proteins could be responsible for the effects of oxidizing and 
reducing substances on dough. This point of view was strengthened 
by the work of Olcott, Sapirstein, and Blish (1943) indicating that the 
primary effect of reducing agents on gluten and dough is a chemical one 
upon the proteins and only secondarily that of enzyme activation. 
Sandstedt and Fortmann (1943) state that the action of reasonable 
quantities of reducing agents is reversible by oxidation, but the action 
of papain is not. Because tlie action of naturally occurring reducing 
agents in flour may be reversed by subsequent oxidation, these autliors 
give this as evidence that the reduced character of doughs and bread 
made from unoxidized flour is not duo to proteolysis. 

The reversibility of oxidation and reduction of the sulfhydryl groups 
as they exist in gluten, in glutathione, or as a constituent part of any 
proteolytic enzyme, needs to be interpreted with a great deal of caution. 

In their work on the eflects of cysteine, glutathione, and papain 
on gluten demonstrated by gluten recovery and mixograra patterns, 
Swanson and Andrews (1945) found that, unlike reducing agents, pa¬ 
pain affected the amount of gluten recovered and this amount was 
greatly decreased by increasing the amount of papain added or by 
lengtlicning the rest periods on the dough mixer. These authors could 
detect no activation of the latent proteases present in flour by the 
action of yeast-water, cysteine, or glutathione. 

The purpose of this paper is to test the proteolytic theory by study¬ 
ing the eflects of flour proteose inhibitors on farinograph curves in order 
to determine whether the effects observed are compatible with those 
that would be predicted on tlie basis of the theory. Sodium fluoride 
and hexylrosorcinol were employed for tlris purpose since Howe and 
Click (1945) showed them to be potent inhibitors of wheat protease. 

Eapezimental 

An untreated pa lent flour milled from a Northwest spring wheat wtis 
chosen for tliis study. A water extract of wheat germ, prepared and 
measured for proteolytic activity as described previously by Howe and 
Click (1945), was used as a rich source of protease. Farinograph 
curves were obtained in the usual fashion, with the water replaced by 
each of the following: a Jlf/7 acetate buffer of pH 5.0, an acetate buffer- 
germ extract mixture (1 :1), and the buffer-extract mixture containing 
2.5 mg hcxylresorcinol or 4.0 mg sodium fluoride per ml of germ extract. 
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In addition, the inhibitors were used in the buffer solution without 
germ extract; and a germ extract was also employed without buffer in 
which the enzyme was inactivated, as shown by titration, by heating 
at 80®C for 35 minutes. Howe and Click (1945) found th<it a pH of 5.0 
was optimal for the protease activiU of both tjeim and patent flour 
extracts; and the concentrations of hexylresorcinol and sexlium fluoride 
used effected 60% and 57% inhibitions, respectively, of (he protease in 
the germ extract. A uniform absorption of 62.5% was UvSed on Curves 
1, 2,3, and 4 (Figure 1) and 69% on Curves 5, 6, 7, 8, and 9 to eliminate 
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ig 1 I* ill iiiogi 4iph (lu V( s showing the* rt of buffered pi otease inhibitoi s 
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any ixjssibility of variation duo to changing ninountb of buffer. The 
increased absorption is nccc'ss.iry when using the water extract of germ 
because of the presence of solids in tlie extract. 


Discussion 

From Curves 1 and 2 (Figure 1), it is apparent that substitution of 
water by the particular buffer used, with or without the inhibitors, has 
little influence on the farinograph curve other than causing a wider 
amplitude. The water extract of germ had a deleterious effect on the 
curve. This confirms similar results demonstrated by Sullivan, Howe, 
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and Schmalz (1936, 1937). The addition of tlie inhibitors to the germ 
extract did not affect significantly the profile of the farinograph curve. 
The proponents of the proteolytic theory might claim that the damag¬ 
ing effect of heatwl germ shown by Sullivan ef al, (1937) is due to the 
sulfhvdryl content of the extract which could activate the flour pro¬ 
tease. Howiver, in Curve 9 it may be seen that, in the presence of 
hexylrcvsorcinol, the slight improvement produced is about the same 
as the improvement made by hexylresorcinol on unheated germ extract. 
This small effect of the hexylresorcinol, therefore, does not seem to be 
due to its enzyme inhibiting property but rather to some other effect 
such as that on surface activity. 

From the foregoing results it is clear that proteolysis does not seem 
to explain the effect of the water extract of germ on dough quality. 
These experiments suggest that the basis of the action of oxidizing and 
reducing agents must be sought for in some other mechanism. 

Summary 

Idle presence of sufficient hexylresorcinol or sodium fluoride to 
reduce <lraslically enzyme activity had almost no effect on dough 
quality as measured by farinograph curves. These findings very 
strongly indicate that the proteolytic theory of the effect of oxidizing 
and ralucing agents on dough quality is not valid. 
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ANALYSES OF DOUBLE-CROSS HYBRID CORN 
VARIETIES PRODUCED ON FARMS 

J. J. Curtis ^ and F. R. Earle ^ 

(Received for publication September 20,1945) 

Corn is the grain crop having the largest planted acreage, the 
largest bushel production, and the greatest farm value in the United 
States. Nearly 100 million acres are planted each year, yielding a 
long-term average of approximately 21 billion bushels. During the 
last decade, however, the use of hybrid varietiCvS, with their drought- 
resistant characteristics and higlier-yielding cajKicities, has raised the 
average production to about 3 billion bushels. This trend toward the 
use of hybrids has rapidly and steadily incrocised until, in 1945, 64% 
of the total United States acreage ancl 88% of the (*'ora licit acreage 
was planted with hybrid seed. 

Approximately four-fifths of tlie corn produced in this country is 
utilized for feed, food, ancl seed puri>oses on the farm where produced, 
while the remainder, or about 500 million bushels, moves into commer¬ 
cial channels. Since the utility of corn cither on or off the farm is 
influenced by its chemical composition, information on the composition 
is desirable, especially for industrial purposes. 

i Division, Northern Regional Research Laboratory, Peoria, Illinois. 

Analytical and Phjwcal Chemical Division, Northern Regional Reaeardi Laboratory, Peoria, 
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Essentially all the com used in industry comes from the Com Belt, 
and the general use of hybrid seed in this area focuses attention on the 
composition of the hybrid varieties now in production. In order to 
tletennine the variations which may occur among varieties, samples 
for analysis were collected from farm fields planted with hybrid com 
set'd of known variety and source. 

Comparatively little information has been published previously con¬ 
cerning the chemical composition of specific com varieties. 

Morrison (1936) reported the average of recent analyses of com 
grain and stated that in the development of the present high-yielding 
varieties of corn there has been an appreciable lowering of the oil con¬ 
tent, a slight lowering of the protein, and slight increases in starch and 
fiber. His data no doubt include both hybrid and open-pollinated 
varieties. 

lonescu and others (1939) in Roumania found that the starch and 
oil contents were higher and protein content lower in hybrids than in 
corresponding pure strains. They found an inverse relationship be¬ 
tween protein and starch contents and a direct relationship between 
the amount of protein and the amount of oil. 

Woodworth (1942) reported that selection for high-low chemical 
composition in a variety of white com for 41 generations (1896 to 1937) 
lias resultetl in low and high strains for oil and protein. The low strains 
have not been altered much during the last 20 years, but the high 
strains have shown a consistent increase. During the period from 1934 
to 1937, tlie high protein strain averaged 20.43% protein and the low 
strain 8.10% protein. During the same period the high oil strain 
averaged 12.02% oil and the low strain 1.62% oil. 

Doty, Bcrgdoll, and Miles (1943) found that there were no signifi¬ 
cant differences in the chemical composition of more than 40 commer¬ 
cial hybrids aiul oi>on-pollinatcd varieties of dent corn. The composi¬ 
tion of yellow vsirieties tested was practically the same as that of white 
varieties grown under the same conditions. They determined ash, 
protein, oil, fiber, and starch. 

Materials and Methods 

In this paper composition data are presented on 159 samples of 
hybrid com of known variety obtained from farm fields in 1941. One 
hundred and two of those were received at the laboratory as ear com. 
For purposes of comparison, similar data also are presented for five 
hybrid varieties grown at each of three experiment stations. 

The collected samples, after drying to a moisture content of about 
15% at ordinary room temperature and humidity conditions, were 
stored at a temperature of 38“ to 40“F and a relative humidity of 55 to 
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60%. Before storage the ear corn samples were shelletl and the pro¬ 
portion of cobs to shelled corn determined. 

Weight-per-bnshel determinations of the shelled corn sJimplos wore 
made following the method prescribed by the Official Grain Standards 
of the United Stales. The weight per 1,000 koniels was detonnine<l on 
whole, sound kernels. 

All foreign material and damaged kernels were removed from the 
shelled corn samples before grinding. They were very finely ground in 
a Bauer mill and analyzed by methods differing from those of the Asso¬ 
ciation of Official Agricultural Chemists only in the following details. 
Moisture was determined by heating at 130® C for 2 hours, and ash by 
heating at 5S0®C for 4 hours. Boric acid was used to receive the am¬ 
monia in the Kjeldalil-Gunning-Arnold method for nitrogen. Sugars 
were run by the Scales’ method which has tentative A.O.A.C. approval 
(A.O.A.C., 1940). Oil was determin&- ^ an extraction with petro¬ 
leum ether in a Butt apparatus (Amer^'an Oil Chemists’ Society 
method for cottonseed). Starcli was determined by the polarimetric 
method using either the tentative A.O.A.C. method (Lapp, 1944) or 

TABLE I 

Average Corncob Yields of Farm-Grown Double-Cross Hybrids, by Variety 

AND Source, 1941 Crop 


tlvbrid vaiiety 

Source 

Summary 

Illinois 

Iowa 

Indiana 


No. 

Cob yields 

No. 

Cob yields 

No. 

Cob yields 

No. 

Cob yields 


sum- 

per bushel of 

sam- 

per bushel of 

sani- 

per bushel of 

sam- 

per bushel of 


pies 

shelled corn 

pies 

shelled corn 

pies 

shelled corn 

pics 

shelled com 



lb 

% 


tb 

% 


lb 

% 


lb 

% 

IhS. 13 

8 

litO 

IS.l 

3 

10.3 

15.5 

6 

10.0 

15.1 

17 

10.0 

1S.2 

U. S. 35 

S 

9.3 

14.2 

2 

10.0 

1S.2 

3 

■91 

14.8 

10 

9.6 

14.6 

IT. S. 44 

3 

10.1 

15.3 

5 

9.9 

IS.O 

— 

B 

... 

8 

10.0 

15.1 

111. 960 

2 

7.8 

12.2 

6 

9.6 

14.6 

— 



8 

9.1 

14.0 



BmM 

15.3 

B 

— 

—, 

3 


16.3 

6 

10.S 

15,8 

Ill. 21 


9.3 

14.3 

H 


— 

— 

— 

— 

5 

9.3 

14.3 

III 784 


9.4 

14.4 

mBm 




— 


5 

9.4 

14.4 

III 877 

4 

8.7 

13.4 

B 

— 

^— 


— 

— 

4 

8.7 

13.4 

lova 13 

— 


— 

6 

9.3 

14.3 



— 

6 

9.3 

14.3 

Iowa 939 


— 

— 

6 

10.6 

15,9 

— 

— 


6 

Ei'9 

15.9 

U. S. 63 

— 



3 

Eon 

15.3 


— 

— 

3 

1 

15.3 

Ind, 608 





— 


7 

10,2 

15.4 

7 

tij 

15.4 

Ind. 610 

— 

— 

— 


B 

— 

3 

9.7 

14.7 

3 

9.7 

14.7 

Ind, 613 

— 

— 

— 


B 

— 

3 

9.3 

14.2 

3 

9.3 

14.2 

Ind. 844 

— 

— 

.... 


B 

— 

9 

9.6 

14.6 

9 

9.6 

14.6 

Ind. 416 

— 

— 

— 

B 

10 

— 

2 

9.3 

14.3 

2 

9.3 

14.3 

Wdghted 

average 

35 

9.5 

14.4 

31 

9.9 

15.1 

36 

9.9 


102 

D 

14.8 
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the Clondctining modification (Earle and Milner, 1944). The specific 
rotation of starch was considered to bo 203“. 

While the Rrain samples from farm fields were not produced under 
uniffirm soil and climatic conditions, it is believed that the data pre- 
scnlt'd will Rive some indication of the composition of the com pro- 
diu'cd under ordinary farm conditions. In the case of some of the 
hybrid varieties it was not practicable to collect a sufficient number of 
bjunples for their iiroper evaluation. 

Proportion of Cobs to Shelled Com 

Data on the iiroportionate yield of cobs to shelled corn for the car 
corn .sample.s are presented in Table I. These data, obtained by shell¬ 
ing 15-pound samples, show variety averages by states. All cars were 
well fille<l and practically free of husks, a condition which seldom occurs 
conuuercially. Shelling «iished by hand in order to make a per¬ 
fect sc'jKiration of grain ar*'’ cobs. The over-all average shown is 9.7 
l)oimds of <'obs pi'r bushel (56 pounds) of shelle<l corn. The extremes in 
cob yields of individtial sjunples were 7.8 pounds and 10.9 pounds. The 
samples from Illinois averaged slightly lower in yield of cobs than those 
from the other states. Comparison of varieties for all states shows 
Illinois Hybrid 877 lowest with an average yield of 8.7 pounds and 
Illinois Ilybrkl 960, second lowest with an average yield of 9.1 pounds. 
The varieties with the highest average cob yields were Iowa Hybrid 
939 and Illinois Hybrid 200 with yields of 10.6 and 10.5 pounds, 
respectively. 

Chemical Results and Discussion 

Analytical <Iaf a showing variety averages and averages of all shelled 
corn samples by states are presented in Table II. Results on samples 
from Ohio an<l Oklahoma are included in the table, but the number of 
samples from these state's is too small to be representative and they are 
not coii8idorc<l in the following comparison by states. The Illinois 
wimples average<l lowest in weight per 1,000 kernels and highest in 
weight per bushel and in oil anti sugar contents. The Indiana samples 
averaged highest in weight per 1,000 kernels and in ash and protein 
contents, and lowest in starch. The Iowa samples averaged highest in 
stiirch content and lowest in ash. 

It should be emphasized that some of the differences mentioned in 
the precctling paragraph and also many of those in the following para¬ 
graph are .so small that they can be considered only as possible trends. 
The data presented by Doty et al. (1943) indicate that sca.sonal dif¬ 
ferences may be even greater than some of the differences mentioned 
here. 
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Average analyses of all samples collected for each variety, together 
with averages of all samples and relative rank of each variety, are 
presented in Table HI. Illinois Hybrid 200 avcragc»d highest in both 
protein and oil and lowest in starch content. Illinois Hybrid 21 aver¬ 
aged highest in sugar, Illinois Hybrid 960 highest in starch, U. S. 
Hybrid 44 highest in weight per bushel, and Indiana I lybrid 425 highest 
in ash content. Iowa Hybrid 13 averaged highest in weight i^cr 1,000 
kernels and lowest in protein content. Iowa Hybrid 939 averaged 
lowest in weight per bushel and in oil content. Illinois Hybrid 877 
averaged lowest in weight per 1,000 kernels, Illinois Hybrid 784 lowest 
in ash content, and U. S. Hybrid 63 lowest in sugar content. 

In connection with the data in Table HI, it is significant that in 
every instance the varieties with high protein content had low starch 
content and vice versa. 

The oil content is mainly a varietal characteristic, although some 

TABLE 11 

Physical and Chemical Composition of Farm-Grown Double-Cross Hybrid 
Corn Varieiies, by Varieiy and Stape, 1941 Crop 


Hybrid variety 

No 

of 

sam¬ 

ples 

Air-dry basis 

Moibture-frcc basis 

Wt. 

per 

bushel 

Wt. per 
1.000 
kernels 

Ash 

Pro¬ 
tein (N 
X 6.25) 

Oil 

Sugar 

starch 



lb 

S 

% 

% 

— 

% 

% 

SampUii from Illinois: 






HH 



U. S. 13 

11 

60.7 

319.3 

1.44 

10.7 


1.99 

69.6 

U. S. 35 

7 

59.3 

296.4 

1.43 

10.7 

4.7 

1.96 

69.6 

U. S.44 

4 

61.2 


1.43 

10.5 

4.9 

2.17 

70.3 

U. S. 63 

1 

59.5 


1.39 

10.4 

4.7 

1.79 

70.9 

Illinois 21 

10 


329.5 

1.45 

11.4 

4.8 

2.14 

68.9 

Illinois 200 

8 


308.0 

1.46 

11.1 

5.6 

2.14 

68.6 

Illinois 784 

10 

60.3 

310.6 

1.34 

10.3 

4,9 

2.00 

69.4 

Illinois 877 

9 

S9.9 

271,7 

1.38 

10.6 

5.2 

1.93 

09.7 

Illinois 960 

5 

59.7 

298.3 

1.43 

10.0 

4.6 

1.93 

71.4 

Iowa 939 

1 

57.0 

278.4 

1.38 

9.5 

4.0 

1.84 

71.6 

Indiana 416 

1 

58.3 

290.2 

1.40 

10.2 

4.6 

1.58 

71.9 

Indiana 608 

1 

58.4 

304.8 

1.48 

10.1 

4.0 

2.03 

71.2 

Weighted average 

68 

60.1 

305.9 

1,42 

10,7 


2T0T 

69.6 

Samples from Iowa: 






M 



U. S. 13 

3 

60.7 

305.6 

1,29 

10.2 


1.85 

71.4 

U, S* 35 

2 

59.2 

288.6 

1.45 

9.7 i 

mm 

1.98 

71.1 

U. S.44 

5 

60.5 

329.8 

1.46 

10.5 

5.0 

2.09 

70.4 

U. S. 63 

5 

59.1 

281.8 

1.36 

9,8 

mm 

1.87 

72.1 

Illinois 960 

6 

60.0 

264.7 

1.32 

lO.l 

El 

1,91 

71.S 

Iowa 13 

7 

59.5 

338.8 

1.46 

9.8 

mm 

2.13 

71.8 

Iowa 939 

8 

58.2 

343.6 

1.36 

11.3 

3.8 

1.94 

ESI 

Indiana 608 

1 

58.3 

286.5 

1.28 

10.4 

4.0 

2.05 

71.3 

Weighted average 

37 

59.4 

312.1 

1.38 

10.3 

4.4 

1.98 

71.2 
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TABLE II —Continited 



No. 

All-dry basis 


Moisture-free basis 


Ilybiid variety 

of 

sam¬ 

ples 

Wt. 

per 

bushel 

wt per 
1,000 
kernels 

Ash 

PlO- 
tem (N 
X 6.2S) 

Oil 


Staicli 



lb 

g 

% 

% 

% 

% 

% 

Samples J rant Indiana: 








U. S. 13 

5 

59.8 

324.8 

1.43 


4.6 

1.93 

70.1 

U. S. 35 

3 

59.7 

302.3 

1.45 


4.8 

2.02 

69.4 

IlUnoifa 200 

3 

60.1 

334.0 

1.49 

12.6 

5.3 

2.06 

67.6 

Iowa 939 

1 

58.2 

315.0 

1.37 

11.2 

4.0 

2.03 

70.7 

Indiana 416 

6 

60.9 

285.1 

1.55 

11.3 

4.8 

1.93 

69.2 

Indiana 425 

1 

58.9 

323.1 

1.59 

11.1 

4.9 

1.91 

69.2 

Indiana 610 

5 

58.7 

333.0 

1.44 

115 

4.8 


69.0 

Indiana 613 

4 

58.6 

300.0 

1.43 

10.8 

4.1 

1.98 

70.6 

Indiana 608 

9 

58.8 

304.4 

1.44 

11.2 

4.4 


69.8 

Indiana 844 

12 

59.5 

329.8 

1.41 

11.2 

4.6 

1.96 

69.5 

Weighted average 

49 

59.4 

315.2 

1.45 

11.2 

4.6 


69.5 

Samples from Ohio: 









Indiana 416 

1 

58,2 

312.5 

1.29 

10.9 

4.8 

1.81 

69.7 

Indiana 425 

1 

59.5 

294.1 

1.48 

11.1 

4.7 

1.84 

mmm 

Indiana 610 

1 1 

57.0 


1.44 

10.8 

4.9 

1.93 

69.7 

Weighted average 

3 

58.2 

306.5 

1.37 

10.9 

jm 

1.86 

69.8 

Sampler from Oklahoma: 






m, 



U. S. 35 

2 

54.4 

265.8 

1.58 

11.3 




All samples {159), all vari~ 
eties, all locations: 






H 



Average 


59.6 

309.7 

1.42 

10.8 


1.99 

70.0 

Maximum 


62.5 

392.2 

1.67 

14.1 

5.7 

2.50 

73.4 

Minimum 


j 53.1 

224.3 


8.3 

3.6 

1.58 

65.8 


variation may lie attributed to other causes. Only one sample of 
Illinois Hybrid 200 out of 11 analyzed was below 5% in oil content, 
while the highest out of 10 samples of Iowa Hybrid 939 had only 4.1% 
oil. Of the 19 samples of U. S. Hybrid 13 analyzed, 15 were within 
0.2%) of its average. Illinois Hybrid 200 was outstandingly higher in 
oil content, and Iowa Hybrid 939 outstandingly lower than the other 
varieties. 

Starch, sugar, ash, and protein may be varietal characteristics, but 
more data will need to be accumulated over a number of years before 
definite conclusions can be drawn. 


Analytical Data from Hybrid Varieties Produced at 
Experiment Stations 

Samples of five of the double-cross hybrid varieties collected from 
farm fields also were obtained from the Illinois, Iowa, and Indiana 
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TABLE III 


Physical and Chemical Composition of Farm-Grown Double-Cross Hybrid 
Corn Varieties, Variety Averages for All Locations, 1941 Crop 



No. 

Ail-dry basis 




Moisturc-froe basis 




Hybrid 

oi 















vaiicty 

sam¬ 

ples 

Wt. per 
bushel 

Wt.por 

1,000 

kernels 

Ash 

Piotcin 
(N X 6.25) 

Oil 

Sugar 

Stai 

t'h 



lb 

rank 

g 

rank 

% 

rank 

% 

rank 

% 

rank 

% 

rank 

% 

rank 

U. S. 13 

19 

60.5 

2 

317.3 

7 

1.42 

11 

10.5 

12 

4.7 

9 

1,95 

11 

70.1 

7 

U. S. 35 

14 

58.7 

13 

292.9 

13 

1.46 

4 

10.7 

10 

4.6 

10 

1.98 

8 

69,8 

9 

U. S.44 

9 

60.8 

1 


6 

1.44 

7 

10.5 

12 

5.0 

3 

2.13 

2 

70.3 

6 

U. S. 63 

6 

59.2 

11 


15 

1.37 

14 

9.9 

16 

4.5 

13 

1.86 

17 

71,9 

2 

Illinois 21 

10 

60.1 

6 

329.5 

5 

1,45 

6 

11.4 

2 

4.8 

5 

2 U 

1 

68 9 

16 

Tllixiois 200 

11 

60.3 

3 

315.1 

8 

1.47 

3 

11.5 

1 

5.5 

1 

2.12 

i 

68.3 

17 

Illinois 784 

10 

60.3 

3 

310.6 

9 

1.34 

17 

10.3 

14 

4.9 

4 

2.00 

7 

69.4 

11 

Illinois 877 

9 

59.9 

7 

271.7 

17 

1.38 

13 

10.6 

n 

5,2 

2 

1.93 

13 

69.7 

10 

Illinois 960 

11 

59.9 

7 


16 

1.37 

14 

10.0 

15 

4.6 

10 

1.92 

11 

72.0 

1 

Iowa 13 

7 

59.5 

9 


1 

1.46 

4 

98 

17 

4.2 

IS 

2.1.3 

2 

71.8 

3 

Iowa 939 

10 

58.1 

17 


2 

1.37 

14 

ll.l 

S 

3 9 

17 

1 94 

12 

7().S 

5 

Indiana 416 

8 

60.2 

S 

289.2 

14 

1.50 

2 

11.1 

5 

4.8 

$ 

1.88 

15 

69,6 

12 

Indiana 425 

2 

59.2 

ll 

308.6 

10 

1.54 

1 

11.1 

5 

4.8 

5 

1.88 

15 

69,7 

iO 

Indiana 608 

11 

58.7 

13 

304.5 

11 

1.43 

9 

11.0 

8 

4.4 

14 

2.01 

6 

70.0 

8 

Indiana 610 


58.4 

16 

329.7 

4 

1.44 

7 

11.4 

2 

4.8 

5 

2.04 

5 

69.1 

l.S 

Indiana 613 


S8.6 

15 


12 

1.43 

9 

10.8 

9 

4.1 

16 

1.98 

8 

70.6 

4 

Indiana 844 

12 

59.5 

9 

329.8 

3 

1.41 

12 

11.2 

4 

4.6 

10 

1.96 

10 

69.5 

13 

Weighted average 
(159) 

59.6 


309.7 


1.42 


10.8 


4.7 


1.99 


70.0 



Agricultural Experiment stations. The data for these samples are pre¬ 
sented in Table IV, together with data of samples of the same varieties 
collected from farm fields in the states specified. The experiment 
station samples, except for Iowa Hybrid 939 grown in Illinois, were 
consistently lower in ash and protein content, and higher in starch 
content than were the farm-produced samples, but in other factors 
there wore no consistent difTerenccs. 

Summary 

The ash, protein, oil, sugar, and starch contents were determined 
for 17 hybrid com varieties (159 samples) grown in farm fields in 1941, 
and for five of these varieties grown at the Iowa, Illinois, juul Indiana 
Agricultural Experiment stations. 

Variations were found among samples for all chemical constituents 
for which anal3ises were made. These differences can be attributeil to 
heredity and/or environment. Oil content was largely a varietal char¬ 
acteristic. In every instance, samples having a high protein content 
were low in starch content and vice versa. Ash and protein contents 
were lower and starch higher in experiment station samples than in 
those grown on farms. 
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TABLE IV 

Physical and Chi^mical Composition of Double-Cross Hybrid Corn 
VAR iinTKs—F arm and Experiment Station Samples, 1941 Crop 


TIvbtid vatioty 
and 

ICmd ot ptodiu'tion 

No, 

Ham- 

plcs 

ana¬ 

lyzed 

Air-dry basis 


Moisture-free basis 


Wt. 

per 

bushel 

Wt. per 
1,000 
kernels 

Ash 

Pro¬ 
tein (N 
X 6.2S) 

OU 






lb 

S 

% 

% 

% 

% 

% 

U. S. 13 










Illinois 

Farm field 

11 

60.7 

319.3 

1.44 

10.7 

4.7 

1.99 

69.6 

Illinois 

Experiment station 

3 

idcftl 

■cwzil 

1.26 

10.6 

4.7 

2.01 

71.6 

Iowa 

Farm field 

3 

60.7 

305.6 

1.29 

10.2 

4.6 

1.8S 

71.4 

Iowa 
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3 

60.6 
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9.5 
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2.02 

71.7 

Indiana 
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5 

59.9 


1.45 

10.4 

4.7 

1.93 

70.3 

Indiana | 
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3 

60,5 

295.1 

1.26 

9.4 

4.7 

2.08 

71.8 
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1.36 

11.2 
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70.6 
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WM 

58.2 

343.6 

1.36 

11.3 

3.8 

1.94 

70.3 
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Experiment station 

H 

58.7 

306.2 

■ptm 

9.8 

3.9 

1.85 

72.3 

Indiana 

Farm field 

B 

58.2 

315.0 

1.37 

11.2 

4.0 

2.03 

70.7 

Indiana 

Experiment station 

3 

58.6 

315.7 

1.32 

9.6 

4,0 

2.08 

71.6 

IndUina 884 
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12 

59.5 

329.8 

1.41 

11.2 
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1.96 

69.5 
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3 
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LOAP VOLUME POTENTIALITIES, BUFFERING CAPACITY, 

AND OTHER BAKING PROPERTIES OF SOY FLOUR IN 
BLENDS WITH SPRING WHEAT FLOUR ^ 

Karl F. Finney ^ 

(Received foi publication Octobci 4, 1945) 

It has long been recognized that soybcjin proteins effectively 
supplement wheat proteins in animal nutrition and greatly increase 
their nutritive value by the addition of lysine and other amino acids 
in which wheat proteins are low. Recently much attention has been 
given to tlie possibility of improving the nutritive value of bread, 
macaroni, and other cereal products by supplementing with small 
amounts of soybean flour. These efforts have met with limited success, 
the major objections to the use of soy flour in bread being the undesir¬ 
able bean flavor, the color imparted to the crumb, and the low loaf vol¬ 
ume. Considerable work has been done by Bcckel and Smith (1944) in 
overcoming the first two objections. 

It seemed probable that loaf volumes might be improved if more 
was known concerning the baking proi^rties of soybean-wheat flour 
mixtures. Accordingly, studies with such mixtures or blends have 
been carried out in the Federal Soft Wheat Laboratory at Wooster, 
Ohio. This paper describes certain baking properties of those blends 
and shows how loaf volume and crumb grain are affected when certain 
alterations in the baking formula and techniques arc made on the 
basis of these properties. 

Materials and Methods 

Two hexane-extracted soy flours (No. 1 and No. 2) and one ex¬ 
tracted with alcohol (A), provided by the Northern Regional Research 

1 Cooperative inveetig&tlons between the Division of Cereal Crops and Diseases, Bureau of Plant 
^dustry. Soils, and A^cultural Engineering, and the Oil and Protein Division, Northern Rej^onal 
Research Laborato^, Bureau of Agricultural and Industrial Chemistry, Agricultural Research Ad- 
i^istration, U. S. Department of Agriculture; and the Department of Agionomy, Ohio A^dcultural 
Experiment Station. 

Chemist, Division of Cereal Crops and Diseases. Federal Soft Wheat Laboratory, 

Wooster, Ohio. 
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Laboratory, Av^re blended in varying percentages with a commercially 
milled and bleached hard red spring wheat flour containing IS.0% 
protein. The blends contained 2, 4, 6, and 8% of soy flour. Each 
of these and wheat flour alone were baked with 0, 1, 2, 3, and up to 
8 mq of pot<issium broniate per 100 g of flour. Additional ingredients 
used in all bakes were 6 g sugar, 1] g salt, 3 g shortening, 2 g yeast, 
\ g malt syrup (120®L), and water as needed. Milk solids were 
included in the studies with two of the soy flours. An optimum mixing 
time with the straight-dough procedure and a 3-hour fermentation at 
30®C were employed. All punching and panning were performed 
mechanically. Baking time was 25 minutes at 221°C. Bakings 
were replicated at least twice. A third replicate was made when 
loaf volumes dilTered by more than 25 cc. 

Experimental Results 

The absorption, mixing time, and the potassium bromate require¬ 
ment for the wheat flour and the various blends with soy flour are 
shown in Table 1 and the loaf volumes, crumb grain scores, and crumb 
coloi scores are shown graphically in relation to the potassium bromate 
requirements in Figures 1 to 3. The bromate requirement given in 
Table I is the amount of potassium bromate required to produce 
approximately the maximum loaf volume as shown in Figure 1. 

The wheat flour without soy flour and without milk solids produced 
the largest loaves (Figure lA) with about 1 mg of potassium bromate. 
When this Hour was blended with various quantities of soy flour, 
however (Figure IB to IM), and baked into bread by the same formula 
(1 mg of bromate and no milk solids) the loaf volumes were in most 
instances reduced. For example, 6% and 8% of soy flour No. 1 
reduced the loaf volunn^ about 25 cc and 45 cc, respectively, and the 
same concentrations of alcohol-extracted soy flour (A) depressed loaf 
volumes 65 cc and 85 cc, respectively. The reductions from the use 
of boy flour No. 2 were even greater. 

The decrease, in general, varied with the amount of soy floiu used. 
With additional increments of potassium bromate, however, the loaf 
volumes increased to an optimum that was either approximately 
equal to or considerably greater than that for wheat flour alone, 
depending on the quantity and kind of soy flour used. Thus, with no 
milk solids in the formula, the addition of 2% of soy flour No. I 
(Figure IB) resulted in a loaf volume increase of 70 cc when the 
quantity of bromate was incr^sed from 1 to 3 mg. Additional 
amounts of soy flour No. 1 up to the maximum of 8% used in this 
study also produced loaves larger than those obtained from wheat 
flour alone, provided additional quantities of potassium bromate were 
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TABLE I 

Absorption, Mixing Time, and Potassium Bromate Requirumeni 
FOR Hard Red Spring Wheat Flour Doughs Containing Varying 
Amounis ok Soy Flours, with and without 
Nonfat Milk Solids 


Klind and 

Hakms absotptiou 

Mixing time 

Potasbium bioinatc 
icQuiremeiit 

I»ercent of 







soy flour 
in blends 

No 

4% nonfat 

No 1 

4% nonfat 

No 

4% nonfat 
milk solids 


milk solids 

milk solids 



milk solids 


% 

% 

mtn. 

mtu 

mg 

mg 

No. 1 






0 

68.5 

70.5 

3i 

31 

1 

1 

2 

70.5 

72.5 

31 

31 


3 

4 

72.S 

74.5 

P 

Ojn 

31 


5 

6 

74.5 

76,5 

31 


5 

8 

76.5 

78.5 

31 

31 


4 

A 







2 

72.0 

74.0 

31 

31 

1 

3 

4 

75.5 

77.5 

3J 

3i 

2 

3 

6 

79.0 

81.0 

31 

31 

3 

3 

8 

82.5 

84.5 

31 

31 

3 

3 

No. 2 




1 



2 

71.5 

— 

31 

— 

2 

— 

4 

74.5 

— 

31 

— 

2 

— 

6 

77.5 

— 

31 

— i 

3 

— 

8 

80.5 


31 

— 

4 



used. The amount of bromate required for approximately optimum 
loaf volume increased, in general, with the concentration of soy flour. 
Thus, 5 mg were required for 8% of soy flour No. 1 in contrast to only 
1 mg for wheat flour alone. The requirements for the blends of all 
three soy flours are given in Table 1. 

Anotlicr property of soy flour equally as obvious and striking as 
“bromate requirement’’ and “loaf volume imparting iiotentialities’’ 
is the capacity to buffer the oxidative effects of overbromating. All 
three of these properties are associated with nonfat milk solids, jus 
illustrated by the data in Figure lA, and are imixnrtant in test baking 
and most commercial shop practices. A comparison of thew* two 
materials, therefore, is pertinent to a iiroper evaluation of soy flour. 
Tlie buffering effect of the latter is well illustrated by the no-milk 
blend containing 4% of No. 1 soy flour. The maximum loaf volume 
was secured with 4 mg of potassium bromate (dots. Figure 1C). It 
will be noted that 5 and 6 mg reduced the loaf volume even less than 
did an equal excess of potassium bromate when using 4% of nonfat 
milk solids (circles. Figure lA). 

The same data show that 4% soy flour No. 1 produced greater 
loaf volume increases than did an equsd quantity of nonfat milk solids, 
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Kig. 1. volume for a hard Hpiing wheat flour (15% protein) baked with varying inciements of 

Moy iloum and potottsium bromate* and with and without nonfat milk tiohds. 

provided additional potassium bromate was used. For example, 4% 
of soybean flour No. 1 increased the loaf volume 80 cc compared to 
that for the spring wheat flour alone; whereas the same amount of 
nonfat milk solids (4%) increased loaf volume only about 5S cc, 
comparisons in both cases being witli formulas containing the optimum 
amounts of potassium bromate. Both the alcohol-extracted and 
commercial soy flour No. 2 had somewhat the same properties as did 
soy flour No. 1, but their effects in the blends were less, both in regard 
to increasing the loaf volume and to buffering effects. 
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When 4% of nonfat milk solids was used with the soy flour-wheat 
flour blends (circles, Figure IB to II), further substantial increases in 
loaf volume resulted in all instances, again provided sufficient po¬ 
tassium broniatc was used. This additive behavior of the two ma¬ 
terials is also evidenced by the more highly buffered curves, for the 
most part, and the increased bromate requirements (Table I). 

The crumb grain curves (Figure 2) arc principally of interest in 
showing whether the increased loaf volumes of Figure 1 were secured 
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at the expense of the crumb grains of the finished loaf. It will be 
noted that adding each of the soybean flours decreased the crumb 
grain scores as compared with the wheal flour alone when only 1 mg 
of potassium bromate was used, and this depressing effect, also noted 
for loaf volume, increased with the concentration of soybean flour. 
These scores, however, gradually improved as the quantity of bromate 
increased, in the same manner as was noted for loaf volume, so that 
the loaf volume curves and crumb grain curves roughly parallel each 
other. Most important, the optimum crumb grains and optimum 
loaf volumes were produced witli the same quantity of bromate in the 
formula. In addition, the optimum crumb grains for the blends with 
soy flour No. 1 were fully as good as those obtained with wheat flour 
alone. In brief, the effects on crumb grain scores are so similar to 
those on loaf volume that the latter may for all practical purposes be 
used alone to evaluate these effects. It should be pointed out, never¬ 
theless, that with no more than 4% of the alcohol-extracted soy flour 
and no nonfat milk solids, most crumb grains are either of questionable 
quality or are unsatisfactory. With milk solids, however, the crumb 
grains for all percentages of alcohol-extracted soy flour were consider¬ 
ably improved and satisfactory with the possible exception of the 8% 
blend. In commercial bread production, therefore, it appears that 
this alcohol-extracted type of soy flour should be used in conj unction 
with milk solids. 

The crumb color scores corresponding to the optimum loaf volumes 
and crumb grains for the various blends of soy and wheat flour are 
shown graphically in Figure 3. 

The crumb colors for 2% of soy flour No. 1 without milk solids are 
detectably whiter than for the wheat flour alone, probably because 
of the higher volumes which are accompanies! by a somewhat finer 
crumb grain structure. With concentrations greater than 2% the 
crumb color became progressively more creamy-gray to dull-brownish 
with increasing concentration of soy flour, each 2% corresponding to 
an average decrease of 8 points in color score. The effect of the 
alcohol-extracted flour is about the same and that of the commercial 
soy flour No. 2 is somewhat greater. 

With the scoring used in this study a crumb color value of about 
100, which characterizes the control, is considered excellent. It is 
questionable whether a crumb color of 90 would be noticed by the 
average consumer of white bread and scores as low as 75 to 80 would 
go unnoticed by many. Even if observed, many would not object 
so long as the bread was properly developed and had a suitable texture 
and crumb grain. 

The water absorption and mixing times for the hard red spring 
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Fig 3. Crumb coloi •icores for a hdi d spring wheat flour (1 “J% protein) baked with varying inciements 
of soy flours and with and without nonfat nulk solids 

flour alone aiTcl when blcndtnl with the various perceiilagi's of the 
different soy llourh both with and without milk solids are given in 
Table 1. It w<is found nea‘bi«iry to add 1.0, 1.7S, and 1.5% additional 
water for each percent of soy flour No. I, A, and No. 2, rcspectivt'ly. 

The first 2% of soy flour ad<led did not alter mixing time ap¬ 
preciably. For eacli succeetling 2% of soy flour added, an increase 
of i minute was required except for soy flour No. 2 which required an 
increase of only i minute. 

General Discussion 

The results obtained in this study indicate not only tliat excellent 
bread may be made from wheat-soy flour blends including up to 8% 
of the latter but that loaf volumes and texture-qualities on whi^ 
consumer preference seems largely to depend may actually be im¬ 
proved. To secure this desirable result, however, it is necessary to 
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use larger quantities of potassium bromate in the baking formula 
than is customary. In general, the amount of bromate required 
increases with the percentage of soy flour in the blend. In these 
studies the bromate requirement for blends including 8% soy flour 
varied from three to five times that needed for the wheat flour alone. 

These results also indicate that soy flour may be used in place of 
nonfat milk solids and have about the same buffering effect on po¬ 
tassium bromate. 

The superior baking properties and potentialities of the hexane- 
extracted soy flour No. 1 suggest that the solvent and/or extraction 
technique are of extreme importance in the processing of soybeans 
into flour for blending with wheat flours, assuming, of course, that the 
soybeans used in the processing of all three flours were of comparable 
quality. 

The work reported herein should be repeated with other types of 
flour, particularly hard red winter. If a hard winter flour of com¬ 
parable protein quality and quantity was used, there seems to be no 
reason to anticipate results substantially different from those shown 
with the hard spring wheat flour used in this study, except that the 
quantity of bromate for optimum results probably would be increased 
by 1 or 2 mg because of the greater average bromate requirement of 
the hard winter wheats. 

Another potentially important result of this study may be in 
suggesting a sound procedure for testing the effect of soy flour on 
bread quality and especially the relative value of different soy flours 
to be used for this purpose. There is reason to believe that unfavor¬ 
able results in the past with wheat-soy flour blends may have been due 
to inadequate baking formulas, especially in regard to the amount of 
potassium bromate. It seems also that the effect of soy flour on 
absorption <ind mixing time must be considered if dependable results 
arc to be secured. 


Summary 

A commercially milled and bleached hard red spring wheat flour 
containing 15% protein was baked with various increments up to 8% 
of each of three different soy flours. Various increments of potassium 
bromate up to 8 mg per 100 g of flour were used. Absorption and 
mixing time were varied to suit the needs of each blend. Bakings 
for two of the soy flour blends were made with and without 4% milk 
solids. 

Excellent bread can be made with blends containing up to 8% soy 
flour with hard red spring wheat flour, the quality of the bread as 
measured by loaf volume and crumb grain being even better than for 
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wheat flour alone provided the quantity of potassium broniate used in 
the baking formula is increased according to the amount of soy flour 
used. Absorption and mixing time increased with the amount of 
soy flour used. 

A hexane-extracted flour buWerecl the elTecl& ol excess potassium 
bromatc fully as effectively as iionLit milk solids. The similarity of 
soy flour to milk solids is of significance fxoin the sLindpoint of baking 
technology. 

Crumb color of the bread, in general, became progressively more 
creamy-gray with increasing amounts of soy flour. The color change 
produced by adding as much as 4% of soy flour probably would not be 
noticed by most consumers, and would not be objectionable to many 
others. 

Of the three soy flours used in this study a hexane-extracted flour 
proved the best. In making the comparison, however, the ta^stc and 
flavor factors were not considered. Soy flours have specific baking 
properties and potentialities in blends with whcttt flour. These 
potentialities remain hidden, however, unless suitable alterations arc 
made in the baking formula and technique. 
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EFFECT OF YEAST, BROMATE, AND FERMENTATION 
ON BREAD CONTAINING SOY FLOUR ^ 

P:, G. Bayfikli) and Emery C. Swanson 

Kan'us Agriouhural Experiment Station 
(Rwcivod tor publuation July 30, t943) 

The proleiiivS of Ihe soybean nre liiph in lysine, and tlic addition 
of soy flour to white flour iinprovc's the quality of the flour proteins 
(Carlson et ai., 1946; fiarris et al., 1944; Jones and Divine, 1944; 
Volz et al., 1945). liut tlic addition of soy flour to bread without 
other change in formula or handling is often accompanied by a de¬ 
terioration in the quality of the bread volume, external appearance, 
grain, and texture and color of crumb. 

The addition of any nonglutinous substance to a dough acts as a 
diluent of the gluten. This effect, using starch, was studied by John- 
son and Bailey ( 1925). Bailey, Capon, and LeClerc (1935) noted an 

I Contribution No. 120, Department of MiUmg laduetry, Kaneaa Agricultural Rspenment Station. 
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acceleration of fermentation when soy flour was added to a dough. 
Bohn and Favor (1945) reported the effects of soy flour on the ab¬ 
sorption, mixing tolerance, dough fermentation, gas production, and 
staling of bread. They found that full-fat soy flour had a water 
absorption of about 85% and extracted soy flour of 110% when used 
in doughs. Low-fat soy flour and, to a lesser degree, full-fat soy flour 
reduced the mixing time, as well as the dough stability upon over¬ 
mixing. With 3% additions of soy flour, the effect on gas production 
was negligible. Soy flour acted on a fermenting dough similarly to 
glutathione. Dough properties were improved by the use of sufficient 
oxidizing agents, such as bromate and iodate. Soy flour retarded the 
staling of bread. 

Some of the factors which may be varied in breadmaking are the 
fermentation time and the percentage of yeast and potassium bromate. 
The object of this work was to observe the effects of variations of these 
factors on the baking properties of wheat- and soy-flour mixtures. 

Materials and Methods 

Full-fat and low-fat (both extracted and expeller) soy flours were 
obtained from the five largest producers. The analyses of these 
were very uniform in each class. 

These samples were given preliminary baking tests by the standard 
A.A.C.C. procedure. It was found that full-fat and extracted soy 
flours had very similar baking characteristics. Expeller soy flours 
showed inferior baking characteristics. Composition of the repre¬ 
sentative low-fat (extracted) soy flour selected for study was: moisture, 
7.0%; etlier extract, 1.0%; protein (N X 6.25), 51.0%; ash, 5.5%. 

The wheat flour was a standard patent Kansas flour of 0.48% ash 
and 13.0% protein from the 1943 crop. All doughs were made up 
using 6% sugar, 1.5% salt, and 0.25% 120®L malt. The absorption 
was that found to be optimum by the mixograph. Immediately after 
mixing, 170 g of dough was scaled. Punching and molding were 
performed by machine to obtain uniformity. Low form pans were 
usal. The volume and weight of the loaves were taken immediately 
after removal from the oven. Texture, grain, and crumb color were 
scored the following day. 

Potassium bromate was varied in amounts of 0, 1, 3, 5, 7, 9, and 
11 mg per 100 g flour and 1%, 2.5%, and 4.0% yeast were used. The 
percentages of soy flour were 0, 1.5, 3.0, 4.5, 6.0, and 7.5. The 
fermentation times (to molding) were 0, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 
hours. 

Three variations of yeast, six of soy flour, six of bromate, and 
seven of fermentation make a total of 756 possible variations. Since 
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the work was performed in duplicate, a total of 1,512 loaves was 
produced. 

Straight doughs were used in this work. While it is realized that 
most commercial bread is made by the sponge method, it is fairly 
generally agreed that indications given by the straight dough method 
on the effects of variations in bromate, fermentation time, etc., apply 
to sponge doughs, when properly intcri)reted (Shellenberger and 
Ziemke, 1939). 

To determine the effect of dilution of the gluten by soy flour on 
bread volume, the standard A.A.C.C. method was used. In control 
loaves 3, 6, and 9% of starch were used and compared to the same 
quantities of low-fat (extracted) and full-fat soy flours. 

The bread was scored for the customary factors. The volume of 
loaves was reported in cubic centimeters. Crumb texture was scored 
on the basis of silkiness and compressibility. A standard (optimum) 
texture was scored 95. Textures under 80 were poor, being harsh 
and open, with round, thick cell walls. While the word “open” 
usually refers to grain rather than texture, all texture scores under 80 
indicated a poor grain. Grain was scored in connection with texture. 
A steindard grain was scored 2.00, a close grain 3.00, and an open 
grain 1,00. Grain scores were not too significant, but are shown in 
Table IV, which gives averages of all the data obtained. Fermentation 
and baking loss were obtained by weighing 170 g of dough out of the 
mixer, and weighing the broad as it came from the oven. 

Discussion of Results 

Figure 1 shows the effect of gluten dilution on volume. Soy flour 
reduces the volume of broad more than can be accounted for by 



Fig. 1. Effect of soy ffour on loaf volume. 
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straight dilution. This would indicate that soy flours contain some 
factor which has a deteriorating effect on bread volume. 

Figure 2 shows visually the effect of some of the variables studied 
on loaves containing 9.0% soy flour. This is a higher level than was 
used in this study, and higher than would be used in commercial 
white bread. Even with this high percentage of soy flour, bread made 
under optimum conditions closely resembles the check (nonsoy) 
loaves. 



Fig* i. InternAi < haiactcristics of typlciU loaves from formula proccduic study—9 0% 
tioy iloui used in all but the check loaves. 


It would be too cumbersome to present the data on all the loaves 
produced. For brevity in Tables I, II, and III, the extremes of 
bromate used have been omitted, along with the data for some of the 
intermediate fermentation times and soy flour percentages. 

The data in these tables cover the range of the optimum conditions 
for soy flour within the limits of practical, commercial formula^. 

Effect of Soy Fhur on Loaf Volume. For optimum volume, bread 
containing 1.5% of soy flour requires about 2 mg more bromate per 
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TABLE I 

Effect of Variations of Soy Flour, Bromate, and Fermenfation 
WITH 1% Yeast on Baking PROPLRftES 




No boy flour 

3% soy floui 

<>% 8oy flour 

Fermen¬ 

tation 

time 

Baking 

property 

Mg bt ornate 

Mg bi ornate 

Mg bromate 

_ - _ _ 



3 

5 

B 


B 

B 

! 3 

5 

7 

1 hr. 

Volume cc 

sss 

492 

535 

455 

472 

512 


455 

465 


Texture 

50.0 

48.5 

68.5 

54.0 

61.0 

50.0 

45.0 

46.5 

40.0 


Ferm. and 
bake loss % 

10.9 

10.7 

12.2 

11,4 

10.7 

11.1 

10.7 

10.6 

10.7 

2 hr. 

Volume cc 

572 

598 

620 

532 

565 

592 

492 


522 


Texture 

82.5 

76.5 

75.5 

82.0 

78.5 

81.5 

67.5 

73.0 

49.0 


Ferm. and 
bake loss % 

12.2 

12.8 

12.1 

12.8 

11.8 

12.7 

10.9 

11.9 

11.7 

3 hr. 

Volume cc 

666 

693 

665 

648 

640 

660 

602 

613 

580 


Texture 

86.0 

87.0 

72.5 

85.0 

79.0 

70.0 

81.5 

78.5 

60.0 


Ferm. and 
bake loss % 

13.6 

13.9 

14.2 

13.6 

13.2 

12.2 

12.9 

12.3 

1 

13.7 


TABLE 11 

Effect op Variations or Soy Flour, Bromate, and FERMEirrATioN 
witH 2.5% Yeast on Baking Properties 


Fermen¬ 

tation 

time 


No soy flour 

3% soy flour 

6% soy flour 

Baking 

property 

Mg bromate 

Mg bromate 

Mg bromate 



3 

S 

B 

3 

5 

B 

3 

5 

7 

Ihr. 

Volume cc 

670 

780 

725 

595 

648 

665 

565 

612 

640 


Texture 

89.0 

91.5 

85.5 

59.5 

77.0 

90.5 

55.0 

71.0 

78.0 


Form, and 
bake loss % 

13.4 

15.9 

14.4 

12.8 

13.1 

14.5 

12.2 

12.6 

12.1 

2 hr. 

Volume cc 

842 

860 

820 

748 

800 

778 

692 

790 

732 


Texture 

87.0 

90.0 

89.0 

72.5 

92.0 

80.0 

81.5 

88.0 

88.0 


Ferm. and 
bake loss % 

15.7 

15.4 

16.0 

15.4 

16.1 

15.5 

14.5 

15.4 

14.2 

3 hr. 

Volume cc 

745 

736 

722 

772 

730 


738 

738 

705 


Texture 

81,0 


82.5 

78.0 

85.0 

71.5 

85.5 

86.5 

82.0 


Ferm, and 
bake loss % 

15.9 

15.9 

15.5 

16.5 

15.8 

15.4 

15.1 

16.0 

15.7 


100 g flour than nonsoy bread. Higher quantities of soy flour require 
additional increments of bromate. Loaf volume is also increased with 
shorter fermentation times, if yeast and bromate are increased to the 
optimum. With optimum yeast, bromate, and fermentation time, 
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TABLE III 

Effect of Variations of Soy Flour, Bromate, and Fermentation 
WITH 4% Yeast on Baking Properties 




No soy flour 

3% soy flour 

6% soy flour 

Feimon- 

tution 

time 

Baking 
pi open ty 

Mg bromate 

Mg bromate 

Mg bromate 



3 

s 

B 

3 

5 

7 

3 

5 

7 

1 hr. 

Volume cc 

822 

892 


748 

RIM 

892 

638 

830 

825 


Texture 

94.S 

91.0 

68.5 

82.0 


97.0 

78.5 

87.5 

92.0 


Ferm. and 
bake loss % 

16.2 

16.8 

17.9 

14.3 

m 

16.7 

13.5 

15.4 

16.2 

2 hr. 

Volume cc 

840 

912 

822 

872 


842 

845 

822 

838 


Texture 

94.0 

89.5 

92.5 

86.5 

95.0 

93.5 

89.5 

81.0 

88.5 


Ferm. and 
bake loss % 

17.2 

17.2 

16.9 

16.2 

16.7 

16.3 

16.6 

16.4 

16.9 

3 hr. 

Volume cc 

76S 

708 

665 

778 

725 

742 

782 

752 

675 


Texture 

74.5 

66.5 

87.0 

85.5 

84.0 

89.0 

90.0 

77.5 

86.0 


Ferm. and 
bake loss % 

19.0 

16.3 

16,4 


16.8 

17.1 

16.3 

17.4 

15.6 


bread containing up to 6% of soy flour was approximately equal in 
volume to the control (nonsoy) bread. 

* Effect of Soy Flour on Crumb Texture, For optimum texture, 
extra bromate and shorter fermentation are required where soy flour 
is used. As is usually the case, the conditions which produce optimum 
loaf volume are similar to those which give the best texture. 

Effect of Soy Flour on Fermentation and Baking Loss. There was a 
significant lowering of fermentation and baking loss in doughs con¬ 
taining soy flour. This is best shown in Table IV, where the mean 
values of all of the data are given. 

The data show that by relatively minor modifications of fermenta¬ 
tion time and bromate level, bread containing 3% of soy flour can be 
made which compares closely to nonsoy bread. With greater changes 
in fermentation and bromate, bread of good volume, grain, and texture 
can be made with 6% added soy flour. 

Color of Crumb was not scored individually in these studies because 
it was early found that the following conditions persisted throughout 
the whole of the work: 

With 3% soy flour and optimum conditions the color of crumb was 
practically as good as the control. With 6%, the color of crumb was 
darker, although under optimum conditions even 6% soy flour makes 
a loaf of bread which would probably be considered quite satisfactory 
for white bread by the consuming public. 
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Statistical Studies 

The mean values for the effects of the various factors are shown in 
Table IV. These figures were obtained by averaging all of the results 
for each factor. 

TABLE IV 

Mean Vahies of Main Effects 
(All doughs scaled 170 grains immediately after mixing) 


Mam effect 

Loaf 

volume 

Texture 

score 

Gram 

score 

Loaf 

weight 

Fermen¬ 
tation and 
bakmg loss 


cc 



g 

% 

Yeast (%) 






1.0 

503 

65 

1 84 

150.4 

11.5 

2.5 

659 

71 

2.00 

146.8 

13.7 

40 

726 

74 

1.89 

145.1 

14.7 

Soy flour (%) 


73 



13.7 

.0 

659 

2.00 

146.8 

1.5 

652 

72 

1.99 

147.2 

13.4 

3.0 

643 

71 

2.05 

147.3 

13.4 

4.5 

626 

70 

2.02 

147.5 

13.3 

60 

610 

68 

2.04 

147.8 

13.1 

7.5 

S87 

66 

1.95 

148.1 

12.9 

Bromale (mg) 






1 

586 

69 

2.00 

148.7 

12.5 

3 

623 

70 

2.13 

147.5 

13.3 

S 

645 

72 

2.02 

147.2 

13,4 

7 

643 

71 

1.80 

147.2 

13.4 

9 

640 

70 

1.66 

147,4 

13 3 

11 

640 

70 

1.61 

147,4 

13.3 

Fermentation time (hr.) 






.0 

440 

60 

1.93 

151,2 

ll.l 

0.5 

544 

65 

2,00 

149.3 

12*2 

1.0 

i 639 

70 

2.08 

147.9 

13.0 

1.5 

702 

72 

2,04 

146.7 

13.7 

2 0 

707 

75 

2.04 

146.2 

14.0 

2.5 

694 

72 

2.01 

145.5 

14,4 

3 0 

680 

72 

2.00 

144.9 

14.8 


Figure 3 shows gniphioally the effect of the various interaclions of 
soy flour, bronuite, fermentation time, and yeast on volume and 
texture. 

Table V shows the results of variance analysis for loaf volume data, 
and the covariance analyses for texture and loss during fermentation 
and baking. It was found that all of the factors studied had a signifi¬ 
cant effect on the loaf volume. All of the first order interactions were 
significant with respect to volume. The data also indicated a signifi¬ 
cant interrelationship for all four of the factors studied in regard fo 
volume. 

After the influence of loaf volume on texture was removed by co- 
variance analysis it was found tliat none of the factors studied in- 
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Fig. 3. Volume and texture interactions of formula pioccdure study. 

dcpendcntly influenced the texture. However, the first order inter¬ 
actions indicated a significant interrelationship with respect to their 
influence on texture. 

After the influence of loaf volume on the fermentation and baking 
losses was removed by covariance analysis it was found that per¬ 
centage of soy flour and fermentation time were of significant influence. 
The first order inUTactions were all significant, witli the exception of 
the soy flour-fermentation time interaction. 

Sununaiy 

With 3% to 6% added soy flour in straight doughs, it was necessary 
to increase potassium bromate and decrease fermentation in order to 
produce bread of optimum volume, grain, and texture. For optimum 
results with 1.5% soy flour 2 mg extra bromate was approximately 
the best amount. Larger percentages of soy flour required increasing 
amounts of bromate. Even with as much as 6% soy flour, proper 
balancing of the factors of yeast, bromate, and fermentation produced 
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TABLE V 

Variance Analyses of the Data for Volume, Tkxturf, 
AND Fermentation and Baking Loss 







F'cimenUitiou and 


Volume (variance) 

Textuie ((ovanaxice) 

baking loss 






Ccovaiiaiue) 

Souicc of vaiiation 








d.f. 

Mean 

d.t. 

Me.iii 

df. 

Moan 


bquarc 

•.auate 

Bqutiro 

Yeast 

2 

6,560,632** 

2 

17 

2 

145.0 

Bromate 

5 

130,092*' 

5 


5 

7.8 

Soy flour 

5 

191,861** 

5 

56 

5 

20.6* 

Fermentation time 

6 

2,211,680** 

6 

563 

6 

187.0* 

Interactions 

Yeast X bromate 

10 

9,095** 

10 

573** 

10 

5.0** 

Yeast X soy flour 

10 

11,485** 

10 

313** 

10 

5.7** 

Yeast X Perm, time 

12 

161,399*' 

12 

650** 

12 

64.2** 

Bromate X soy flour 

25 

6,907** 

25 

210** 

25 

5.4** 

Bromate X Ferm. time 

30 

25,224** 

30 

243** 

30 

3.9** 

Soy flour X Perm, time 

30 

8,550** 

30 

119* 

30 

1.7 

Higher interactions 

620 

2,763**1 

1,375 

80 

620 

2.4 

Duplicate error 

756 

710 


755 

2.1 


Significant at 5% point. 
** Significant at 1% point. 


bread equal to the control (nonsoy flour) bread except for crumb 
color. Relatively small changes in these factors were required to 
produce standard white bread when 3% soy flour was used. 

Soy flour reduced the fermentation and baking loss, in proportion 
to the amount added. 
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BOOK REVIEWS 

Methods of Anal 3 rsis of the American Society of Brewing Chemists. Fourth Revised 
Edition. Prepared by Technical Committee and Editorial Board, Louis 
Ehrenfeld, Editor, 1944. Copies can be obtained from Mrs. Hilda Holmes, 
Executive Secretary, Route No. 4, Sawyer, Door County, Wis., at the following 
prices for non-members: Methods $3.50; Extract Tables $2.50; Beer and Wort 
Tables $2.50. 

The present edition in a paper-covered, loose leaf binding represents an extensive 
expansion and revision of the previous edition. In addition to revised and enlarged 
sections on Malt, Cereal Adjuncts, Brewing Sugars and Syrups, and Beer, new 
sections arc included on Hops, Wort, Yeast, and Spent Grains. 

In the first section on malt, the major changes are an alternative method for 
bushel weight, employing a 250 ml graduated cylinder and a special funnel, and the 
ferricyanidc modification for the determination of diastatic power. Methods for 
moisture, extract, and color in caramel malt and for moisture and color in black 
malt are included for the first time. 

llic section on brewing sugars and syrups includes for the first time methods for 
the delennination of hydrogen ion concentration (pH) and total reducing sugars. 
A rapid fermentation method (4-5 hours) is given for fermentable extracts. The 
Fehling*S solution procedure only is given for the determination of diastatic power 
of malt syrups. The ferricyanidc modification should be as suitable for this material 
as for malt if a blank determination is carried out on each sample and the necessary 
corrections made in the calculation. 

To the section on beer has been added methods for the determination of dextrins 
and calibration of hydrometers. These additions complete a very comprehensive 
collection of methods for the analysis of beer. 

The new section on hops includes methods for sampling, physical examination, 
moisture, and resins. Ten methods which arc in common use for the analysis of 
wort arc combined in a new section. A method for total solids in liquid and pressed 
yeast is given in the section on ye<ist. To complete the book a section on spent 
gniins gives pnx'edures for moisture, available extract, and soluble extract and one 
is referre<l to tlie A.O.A.C. for fcal analysis methods. 

The Uiird edition of the tables for Extract Determination in Malt and Cereals 
represents an enlargement of the previous edition to include higher specific gravities 
and higher moisture contents. These changes make the tables more suitable for 
determination of yield of extract in cereals. 

I'he tables relating to wort, beer, and brewing sugars and syrups are a corrected 
reprint of the earlier ^ition except for Table 4, “Reducing Sugar Values by the 
MTunson and Walker Method,** which has been greatly expanded. This booklet 
contains tables for Extract in Wort and Beer, Alcohol, Correction Factors for Original 
Extract, Reducing Substances (Munson-Walker), Reducing Substances (Lane- 
Eynon), and Baume Degrees as related to extract content. 

The book of methods and accompanying tables is a very complete and useful 
publication especially for brewery, brewing, and malting laboratories. 

Allan D. Dickson 

University of Wisconsin 
Madison, Wisconsin 
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Phydcal Methods of Organic Chemistry. 1. Edited by Arnold Weissberger» Eastman 

Kodak Company. Interscience Publishers, Inc., New York, N. Y. 1945. 

736 pp., 15 X 23 cm. Price $8.50. 

The purpose of this book, as stated in the preface, is to provide an adequate 
description of important physical methods that are of proven usefulness to chemists. 
The object of the editor and the authors, who are experts in the method oiich de¬ 
scribes, is to present the techniques in sufficient detail tOj^ether with enough of the 
theoretical background so that those who arc interested in their use may be saved 
the tedious and oftentimes difficult job of assembling the ^‘know how” from periodi¬ 
cals and specialized books. 

The methods discussed in this volume, 16 in number, together with the authors 
and the number of pages devoted to each arc as follows: I, Determination of Melting 
and Freezing Points—E. L. Skau and H, Wakeham (46 pp.). II. Determination of 
Boiling and Condensation Temperatures—W. Swietoslawski (22 pp.). III. De¬ 
termination of Density— N, Bauer (38 pp.). IV. Determination of Solubility— 
R, D, Void and M. J. Void (28 pp.), V. Determination of Viscosity—H. Mark 
(14 pp.). VI. Determination of Surface and Interfadal Tension—^W. D. Harkins 
(53 pp.}. Including a discussion of the Parachor—G, W. Thomson (9 pp.).^ VII. 
Determination of Properties of Monolayers and Duplex Films—^W. D. Harkins (42 
pp.). VIII. Determination of Osmotic Pressure—R. H. Wa^er (24 pp,). IX. 
Determination of DifFusivity—^A. L, Geddes (34 pp.). X, Calorimetry—J, M. 
Sturtevant (124 pp.). XI. Microscopy—E. E. Jelley (96 pp.). XII. Determination 
of Crystal Form—M. A. Peacock (30 pp.). XIII. Crystallochemical Analysis— 

i D. H. Donnay (24 pp.). XIV. X-Ray Diffraction—I, Fankuchen (36 pp.). XV. 

lectron Diffraction—L. A. Brockway (32 pp.). XVI. Rcfractomctry—N. Bauer 
and K. Fajans (84 pp.). 

Of particular aclvantage to the uninitiated is the aim of some of the authors to 
evaluate critically the various modifications of the method under discussion, pointing 
out the spjecific advantages or shortcomings of each modification and the conditions 
under which each may be expected to yield the most dependable results. Proper 
interpretation of results is stressed and illustrated by examples in many cases. 
Apparatus to be employed is described by diagrams and detailed discussion. Numer¬ 
ous literature citations appear along with the text and references of a general character 
are included at the end of each chapter. 

The usefulness of this volume is by no means restricted to organic chemists 
or even to chemists actively engaged in research- Advanced students will find the 
critical descriptions of practical methods helpful to their understanding of the 
theoretical aspects involved. 

The editor and publishers have done a commendable job. There are few errorh, 

I). R, Briggs 

Division of Agricultural Rioohenustry 
University of Minnesolu 
St. Paul 8, Minnesota 
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A MACHINE FOR MEASURING THE EXTENSIBILITY 
AND RESISTANCE TO EXTENSION OF GLUTEN ^ 

K. Hi-ynka and J. Anski. Anokrson 

(irain Roscarfh Ujlior.itory. lJcwrd of Graiu Coninusbionorh for Canada, 
WinnipcR, ManitoRi 

(R('< (‘ixcd l(u ptibhratioii St'pUMiiboi 20, 1*)45) 


'Fhe ])liysiral pr()perti(\s of ^lutcMi are ini]R)rtatit in brcaclmaking 
ami liavo bcn^ii wkl(‘ly sludkjd, l)ut there is as >'et no entirely satis¬ 
factory ami geiuM'ally a<r<‘pt(‘d rnetluxl of nieasuring them. It is true 
that any experuMUvd c'lTeal olu^mist can make an excellent estimate of 
the quality of th(» glutim washed from a dough by manipulating it in 
his hands; llu^ diirK'ulti(\s are that the judgment is subjective and de¬ 
pends on the expcTieiice of tiie chemist, and that the resulting opinion 
cannot be r<*adily n»cor(lt‘d or transmitted to another person. There 
have be(‘n a numlxT of attiMiipts to overconu^ these difficulties by de¬ 
vising machines for nu‘asuring certain pro])erties of gluten. These 
machiiuss and relat(*<l on(\s for measuring tlu‘ physical properties of 
dough have b(»en reviewer! by liailey (1940), and two other machines 
have since l>e<‘n rt‘porl(*<l. 

Kn‘ss (1924) d<‘srril)e(I om* of the earliest maehjnes for testing 
gluten and Jaimss ami Huber (1927) use<l it for measuring the proper¬ 
ties of glut<‘ns wasluxl from different samples and sul)jecl<‘<l to various 
treatm<‘nts. Mohs, Schmult, and Frank (19^39) reported a technique 
for Uvsc with the Hrabeader ghitograidi, which draws a ‘^glulogram” 
r<*pn‘senting ext<‘Usion of the gluU*n and the force roquire<l to exteml 
it until it hnuiks. A <levie<‘ for measuring the flow an<l spring of crude 
gluten was <leseribed by Baker, I*arker, and Mi/.e (1942); and Baker, 
Mi/.e, and Barker (194.-5) presente<l <lala obtained with a machine 
which nte^isurcd the force ncccasary to penetrate a gluten hall held in 
a special holder. 

The apparatus described in this paper measures the extensibility of 
cru(U‘ gluten mid its resistance to extension. It has been called a 

1 !*abliMliwl UH papei No. 80 the Chain Kt*Heardi Labotatoiv, Biuiil oi CJrain C'ommi^lonerH for 
Canada, Winnipeg, uiul oh pmifx No. 243 of AiNCK''iati‘ C'oinnitUec on Oroin KiNamrch (( unada). 
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“Stretchometer/’ The design presents nothing fundamentally new 
since it is similar in many respects to the Brabender gluto^raph and to 
some other apparatus. However, for various reasons it seemed ad¬ 
visable to design and build a new machine rather than make a closer 
copy of an old one. This paper reports on the develoi)ment of a 
standard technique for use with the Stretchometer, on the ai)phcation 
of the machine to studies of gluten quality, and on the limitations en¬ 
countered in these studies. 

Apparatus and Methods 

The Stretchometer, A photograph of the Stretchometer is shown in 
Figure 1 It consists of a spring balance (covered by a face-plate A) 



u Gluten StreUihom«te: 
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supiJorttxl at the top of a vertical frame F on which a block D is moved 
by the scicw R, which is driven by a motor operatinR through the 
gear box G. 

A ring of glutt'n is hung over an inverted Tee £ suspended from the 
balance, and a removable i)in is {Kisst'd through the two loops of gluten 
C, and insertetl into the block D. When the motor is starte<l, the four 
strands of gluten are stretcht'd simultaneously. The distance that 
the gluten stretches before breaking is noted from the position of the 
Ijointer on the vertical scale on the right, and the resistance to exten¬ 
sion is measured by the balance. The vertical scale is graduated from 
0 to 40 an, imd the balance from 0 to ISO g. 

A drawing of the balance assembly at the top of the Stretchometer 
is shown in Figure 2. The balance is made from a clock spring, with 
its inner end fastened to a spindle mounted on ball bearings, and the 



outer end attached to the frame. The glass Tec, on which the gluten 
is hung, is attached to a thin metal band woiuul around a one-half 
inch boss on the spindle. An aluminum disc attached to the front end 
of the spindle has a scale calibrated in grams, and a pawl engaging 
witlt notches on the edge of the disc holds it in the maximum position 
after the weight is removed when the gluten breaks. Readings are 
made through a window in the face plate. 
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The main stand was cast in bronze from a pattern made in the 
laboratory, and the ways and other parts were subsequently ma¬ 
chined. The base of the stand was designed to fit the top of the in¬ 
verted gear box G, salvaged from an old Hobart dough mixer, which 
serves as a reducing gear. The operating screw E Ls set into the 
vertical shaft in the gear box and is held at the top by a ])ivol thrust 
bearing. It has 20 threads to the inch and is so made that the blo<'k 
carriage D can run off the thread at the top to set itself automatically 
at zero, and, as a safety device, can also run off at the bottom. The 
machine is driven by a reversible motor so that the block can be re¬ 
turned to the starting position after each test. Motor and V-belt 
drive were so selected that the block moves at 40 cm per minute when 
the gear box lever is in the *Uow'’ position. 


r 


-- 

'if t * 


Fig. 3, E<iuipnient foi prepanug rings of gluten 

Other Equipment. For preparing the rings of gluten, ixiiit. of iron 
plates for freezing gluten discs, and a cutter for cutting the rings were 
made. The plate assemblies, both open and closed, are shown on the 
left in Figure 3, and the cutter is shown at the right. The plates are 
4 X SH inches and are made from 3/16-inch iron. Spacing studs on 
the lower plate, against which the top plate comes to rest, arc so adjusted 
that a gluten disc with a uniform thickness of 3 mm is produced. 
The (mtter is made from an old embossing stamp and cuts out the 
rings in one operation. The ring has external and internal diameter 
of SO and 35 mm and weighs about 3 g. 
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Preparation of Sample. 'Pin* technique finally adopted for use 
with the Stretohonu'ter is lirietly described in this subsection, and the 
<‘xi)<>riinenl.s iliMling witli the elTects of varying the conditions for 
ditlerenf step.s of the teclinique are describwl later. For duplicate 
tests, a dough of baking absorption is pri'pared by mixing 75 g of 
flour with water for one minute in the Hobart-Swanson mixer. In 
experiments inadt' so far, the gluten has been washed out by hand 
under a snudl stream of lap water maintained at 25‘’C. The gluten is 
divkU'il into two e<iual portions, which are rounded into balls. Each 
ball is then (ilaced between a jxiir of cellulose acetate discs, 0.01 inch 
thick, and sqiu'ezed into a disc by clamping between the plates de- 
scribinl above. Th<> gluti'n is then frozen by placing the plate assembly 
in a chamber at - 2()®(’ for 45 minutes. 'Phis is done to facilitate the 
preparation of tlu' test rings. To accelerate freezing, the plate as- 
semblii'S are kept in the refrigerator when not in use and are thus 
precooled. 

When tlu‘ frozen .sampl<‘ is rtMnoved from the plates, the cellulose 
acetate di.s<'s peel otT ri'ailily and the gluten remains frozen long I'nough 
for the ring to be cut from it. Mefore stretching, the rings arc condi- 
tioiHil for 50 minutes in water in a small jar placed in a constant 
temperature water bath at 25®('. Fifty milliliters of water at 30®r 
are put into the jar with the frozen gluten and the conditioning tem¬ 
perature of 25®(' is thus reaclunl almost immediately. 

Stretching, 'Plu' metluxl of making the stretching test will be 
obvious from tin* foregoing desi'riptions of the Stretchometcr. Ex- 
tt'nsibility is measured in centimeters by means of the longitudinal 
scal<‘, an<l rissistance to I'xtension is measured in gmms by the balance. 

Other Methods. I'isher ami Halton (1936) described two moisture 
metluMls for glutiMi; one involvwl boiling the gluten before drying in 
an air ov<>n, and tlu’ secoml maile usi* of six'cilic gravity. Another 
nu'thml has bei'ii deviwsl in this labomlory. 'Phe surface moisture of 
the samiili" tested <»n the .Siretchomeler is removeil by manipulating 
it in the hands, ami the .simple is placed in a 25-mI crucible, covered 
with a watch gla.ss, and weigluil. Enough 95% ethyl alcohol (4 ml) 
is aildeil to c<iver the .sample and after a few minutes the uncovered 
cnicible is put in an air ovim at t3()®C. 'Phe alcohol causes the gluten 
to puff up (luring drying as it does in the vsicuum oven, and complete 
drying is obtained in 3 liours. This nietho<l gives tlie same result and 
replicability as the vacuum oven method. 

'Phe dri(‘d samples can be readily crushed into fine powder with a 
IH'stle while in the crucible. After redrying the crushed samples for 
30 minutes, aliquots of 0.2 g arc weighed for Kjeklahl determinations. 
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Standardization of the Test Procedure 

In developing a procedure for use with a new machine, such as the 
Stretchometer, a number of arbitrary decisions must first be made on 
the conditions under which each step of the procedure' shall he carried 
out. A large amount of investigation of th(‘ effects of varying the 
conditions and on the precision with which the conditions should be 
controlled can then be undertaken; but if this is too extensive, the 
more important task of applying the test is delayed. A compromise 
must be effected, and in the present instance this involved making 
limited studies of the conditions for several of the major steps of the 
procedure. The results are described in the following subsections. 

Mixing of Dough Information was sought on the possible effect 
on Stretchometer results of the amount of %vork done on the gluten 
during mixing Accordingly, doughs from three different flours were 
prepared by mixing for 1 and 3 minutes in a Hobart-Swanson mixer, 
and glutens were washed out and tested. Mean values for eight repli¬ 
cations are as follows: 


Gluten propertieb 


riour 

Mofsture content 

Protein content 

Resistance 

Extensibility 


1 mm 

3 mm 

I mm 

3 min 

1 min 

3 min 

1 mm 

3 mm 



% 

% 

% 

S 

i 

cm 

cm 

1 

66 3 

67.9 

80.4 

81.0 

67 

70 

26 

26 

2 

65 8 

66.9 

81.0 

81.4 

93 

93 

24 

24 

3 

65 4 

67.0 

81.4 

80.5 

98 

96 

22 

24 


The only constant difference between glutens from doughs mixed 
1 and 3 minutes is that the latter have higher moisture contents, that 
is, they showed greater absorptions. But this difference did not affect 
either extensibility or resistance. Glutens of similar mean protein 
content were readily obtained irrespective of whether the doughs were 
mixed for 1 or 3 minutes, and even the small differences in protein 
content that exist arc reflected by parallel differences in the resistance 
values. 

As a smooth dough can be obtained by mixing for 1 minute, this 
time was selected as standard. Longer mixing, particularly witli 
weaker flours, makes the dough more difficult to handle. 

Amount of Washing. A number of studies were made of the effects 
on gluten of the amount of washing and manipulation it receives while 
it is being recovered from the dough. The results of studies made 
with two different flours are shown in Figure 4. Sample 1 was an 
experimentally milled flour of 12.6% protein, while sample 2 was a 
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commercially milled flour of a similar protein content of 12.7%, 
Replicate clouj^hs from <'ach flour were waslic'd by one oj^erator for 
different lengths of time in random order. Washing time was varied 
between 6 and 32 minutes. 



Kig. 4. Rclation« illtwtrntmg oi wowhing glutenn for diffotemt lejigth« of timo. 


Relations between wjushinn lime anti the protein content of the 
glutens are shown in the top i>air of curves. The curves have the'ex- 
pectetl shape i the protein content of the crude gluten increased rapidly 
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during the early stages of washing and less rapidly as washing pro¬ 
gressed. Sample 1 apparently yielded its gluten more readily; it 
attained a higher final protein content and approached this level more 
rapidly. The curves also show that Sample 2 was inort* difficult to 
handle uniformly during washing. 

It seemed best to accept the protein content of the gluten as a 
criterion of the amount qi washing, and the middle pair of curves there¬ 
fore show extensibility plotted against protein content rather than 
against washing time. The relation between the amount of washing 
and extensibility appears to be linear, and differences of about 10 cm 
in the extensibility of the gluten from a given sample of floxir can l)e 
obtained by wide variations in the amount of washing. Deviations 
of the points from the regression lines are almost wholly accounted for 
by the experimental error, which suggests necessity for replication. 

The bottom pair of airves in Figure 4 deal with resistance to ex¬ 
tension, and here again the deviations from the curve^ are accountc^d 
for mainly by the experimental error of the Stretchometer nu^asure- 
ment. During the first part of the washing period there is a linear 
relation between protein content and resistance, but towards the <»nd, 
at about 85% protein, the curve rises shari)ly so that resistance in¬ 
creases while the protein content of the gluten changes little. For 
that reason further experiments described in this paper deal with glu¬ 
tens washed to protein contents within the range in which relations 
are linear. 

Freezing. Rapid freezing seemed desirable, and as the lowest 
temperature that could be conveniently maintained in the freezing 
cabinet was — 20®C, this temperature was adopted for all tests. Mean 
values for quadruplicate discs frozen for 20, 40, and 60 minutes arc 
given below; 


Time 

KxtiMiMbihlv 

R«»MiHtancp 

mtn 

tw 

H 

20 

25.0 

73 

40 , 

29.5 

7« 

60 

30.0 

75 


At 20 minutes the gluten did not appear to be fully frozen. Dif¬ 
ferences between the results for 40 and 60 minutes arc within th<^ 
experimentaJ error and a time of 45 minutes was chosen mainly to 
suit the testing schedule. 

Conditioning Temperature* The influence of the temperature at 
which the gluten rings arc conditioned after freezing was studied by 
testing duplicate rings from five glutens conditioned for 30 minutes 
at each of three temperatures of 20®, 25®, and 30®C. 
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Tempeiatuie 


l^xtcnbibility 

cm 


Resistance 

i 


Moistuie m gluten 
% 


20 

25.1 

25 

25.4 

30 

20.1 


100 

65.8 

81 

65,8 

77 

66.0 


The mean results show that increasing the temperature increased 
the extensibility slightly and reduced the resistance to extension. A 
temperature of 2S®C was chosen as standard, and it was obvious that 
temperature would have to be closely controlled by means of a water 
bath and thermostat. 

Conditioning Time, Duplicate tests were made on five glutens 
conditioned at 25®C for 20, 40, and 60 minutes. 


lime 

KxtensibiUty 

RcBibtance 

Moisture m gluten 

mtn 

cm 

R 

% 

20 

25.8 

89 

65.9 

40 

27.4 

87 

66.1 

60 

25.0 

80 

66.3 


Erratic results were obtained for extensibility, but increasing condi¬ 
tioning time reduced the resistance to extension and increased the 
moisture content of the gluten. These effects are not large and minor 
errors in timing would not be serious. A conditioning time of 30 min¬ 
utes was selected iis standard. 

Uniformity of Sample Rings, The suitability of the cutting tech¬ 
nique and the degree of unifonnity required in the sample rings was 
investigate<l by exaggerating the differences. Rings of different weight 
were obtained b>' cutting them from glutens frozen in different thick¬ 
nesses. Data for the means of triplicate tests arc given bolow. 


Wolght of unK 
H 

2.87 

2.94 

3.04 

3.20 


Kxteiifaibihly 

cm 

29 

30 
30 
29 


Realstaxice 

S 

63 

68 

68 

73 


ICxtcnsibility is> afTc'cled by increasing the weight of the ring, but 
resistance increases api)rechil)Iy. In later exijcrinients, however, it 
was shown that the standard error for the weight of a single ring is 
only about ±0.03 g, which is not large enough to liave a serious effect 
on resistance. It appeared that gluten rings weighing about 3 g would 
be suitable, and simee a<ljustments between plates were thus left at 
3 mm. 

RepUcabiHty of Tests. Statistics on the precision of the Stretch- 
ometer and auxiliary tests were obtained from three major experi¬ 
ments. Standard errors of single determinations, calculated from dif¬ 
ferences between tests made on duplicate rings, are given in Table I. 
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TABLE I 

Precision of Stretchometer and Auxiliary 'I'ksis 


Property of gluten 

Kxpeiimcnt 1 
(22 pairs) 

I^Xpenmenl 2 
(48 pans) 

IXperiment \ 
(96 pans) 

Standard errors of single determinatioiib 

Weight of sample ring, g 0.02 

0.04 

0.03 

Moisture content of gluten, 

0.18 

0.19 

0.18 

Protein content of gluten, ' r 

0.35 

0.30 

0.38 

Extensibility, cm 

1.4 

2.0 

2.2 

Resistance, g 

4.7 

8.0 

5.0 

Coefficients of variability 

Extensibility, % 

5.1 

8.2 

6.9 

Resistance, % 

7.7 

9.3 

8.2 


Standard errors for weight of rings, moisture, and protein are less 
than 1%, and are very satisfactory. On the other hmul, standard 
errors for the Stretchometer values are somewhat higher. Differences 
in the magnitude of the errors of extensibility and resistance measure¬ 
ments for the three experiments are not fully explained by <lifforcnces 
in the mean values. This is demonstrated by the coefficients of vari¬ 
ability given in the last two lines of the table, which are not much more 
uniform than the corresponding standard errors. 

The failure to obtain better replicability for the Stretchometer 
measurements is undoubtedly due to the difficulty of preparing dupli¬ 
cate gluten rings that will invariably stretch and break in the same 
manner. If quadruplicate tests are made, the standard error is re¬ 
duced by half (i.e., divided by Vi), and with such replication differ¬ 
ences of about 4% in extensibility and resistance can be demonstrated. 
In practice it has been found that the precision obtained with dupli¬ 
cate tests is adequate for most investigations, becaiuse tlu* principal 
experimental error is in ])reparing the gluten rather than in testing it. 

Application of the Stretchometer to Studies of Gluten Quality 

The Stretchometer luis been used in studies of differences in gluten 
quality among a series of samples of 'i'hatcher wheat and among a 
second scries consisting of composite samples of six different varieties. 
The results throw some light on the inter- an<l intravarietal relations 
between Stretchometer measurements and other quality data, and 
also serve to emphasize some of the difficulties that must be overcome 
before the Stretchometer can be used as a routine rather than as a 
research tool. 

Thatcher Series, Eight samples of flour, milled from Thatcher 
wheat, and ranging in protein content from lO.S to 16.S%, were ob¬ 
tained. For each sample of flour, a series of 12 glutens of increasing 
protein content were prepared by different amounts of washing. The 
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amount of washiiis roquirctl was judged by weighing the gluten mass 
from time to time until a predetermined weight was obtained. Ex¬ 
tensibility, resistance to extension, moisture content, and protein con¬ 
tent were determined for each gluten. 

The detailed datti for the Stretchomettir measurements are shown in 
Figure 5, in which both extensibility and resistanci' lire plotted against 
the protein content of the glutens. There are scatter diagrams for 
each of the eight samples, and one graph in which all the regression 
lines have been assembled. The scales on the left deal with resistance, 
as do the black dots and the lower regression lines. The scales on the 
right, the open circles, and the upper lines deal with extensibility. 

'I'he pattern of the black dots in each diagram shows that there is 
a close relationship between resistance and the extent to whicli the 
gluten is washed, sis indicated by the protein content of the gluten 
(cf. Figure 4). 'I'he correlation coefficients lie between .82 and .96, 
with .71 required for a 1% level of significance. The regression co¬ 
efficients differ considerably. Values for samples 1, 2, and 3 are about 
3.9 g for etich per cent of protein, whereas those for samples 5, 6, 7, and 
8 sire about 2.2 g, iind the regression coefficient for sample 4 is much 
lower, 1.6 g. .\n antilysis of residual variance showed that the dif¬ 
ferences between the regression coefficients were highly significant 
(found, F ~ 4.7; required for 1% point, F = 2.9). The investigation 
thus shows that the resistance values for glutens from different sam¬ 
ples of the siime variety do not chtingc by equal amounts when washing 
produces equal clianges in the protein contents of the glutens. 

The analysis of residiuil variance also showed highly significant 
differences between i“entroids {F = 9.4), that is, between the mean 
values for resist ana*, 'riu: lower right-hand diagram in Figure S 
certainly shows that sttmples 1 and 2 have higher resistances than all 
other siimples with the itossible exception of sample 4. Indeed, the 
only siimple whosi* position with respect to the others cannot be cle- 
tennined with certainty is sample 3; but even its resistance is dearly 
lower than those of samples 1 and 2 and greater than those of samples 
6, 7, and 8. On the whole, th<>refore, the results are quite clear-cut. 

'I'he data on extensibility cannot be interpreted as readily as those 
on resistana*. Most of the correlation coefficients f6r extensibility 
and protein content were not significant owing to the small change in 
extensibility for each per cent protein and the somewhat large error 
in the determination of extensibility. There is considerable crossing 
among the r^ession lines, and the analysis of residual variance did 
not show significant differences between the slopes. Accordingly, it 
cannot be assumed that the extensibilities of glutens from different 
samples change at different rates during washing. On the other hand, 
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Fig. S. Relations between piotem content ol gluten and rc^sistonce to extension, and betwcsMi pioteiii 

content and extensibility 


significant difforences between centroids, or mean v.ilues, w<‘rc es¬ 
tablished (F = 26.9). Reference to the upper group of lines in the 
assembly diagram in Figure 5 will show that there is little doubt that 
samples 6, 7, and 8 have higher values than samples 3, 4, and S, and 
that the latter have higher values than samples 1 and 2. But within 
each of these groups the samples cannot be differentiatal. 

In order to examine possible relations between Stretchometer and 
other values, data on protein content, absorption, an<l loaf volume by 
the malt-phosphate-bromate procedure (Geddes, Aitken, ami Fisher, 
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1940) were oblain<*(l for (he original (lours, and Slrctchomctcr values 
were calculatc'd (o a common protein basis. The mean protein con¬ 
tent for all glutens from all flours was 77%; and with the aid of appro- 
l)riat<‘ r(‘gression coefticit'nts Strclchometer values for each flour sample 
wen* calculated for tins protein level. These values are reported in 
Table 11 log(‘(her with gluten moistun's, mean protein content of the 
gluten, and baking <la(a. 


- TABLE II 

.SlRIvlCHOMKTER AND OTHER DaTA FOR ThATCHER SkRIES 


Sample no. 


Gluten 

- 

Flour 

Kesistanee 

Kxtensibility 

Moisture 

Absorption 

Protein 

Ix>af volume 


R 

cm 

f! 

% 

% 

cc 

1 

85 

28 

6S.6 

60.3 

n.8 

73.3 

2 

84 

26 

64.9 

60.2 

13.5 

757 

3 

65 

32 

65.1 

65.6 

10.5 

630 

4 


32 • 

66.3 

62J 

14.6 

795 

5 

56 

31 

66.4 

62.3 

16.5 

843 

6 

47 

34 

67.3 

63.7 

12.7 

796 

7 

44 

36 

67.2 

63.5 

15.1 

842 

8 

40 

35 

67.7 

63.7 j 

16.0 

1027 


'I'he first two columns of data show that within these samples of 
one variety then' is an inverse relation between resistance and ex¬ 
tensibility (r = — .95; 1% iwint is .8v3). There is also evidence of an 
inverse relation betw<‘en resis’tance and the moisture content of the 
glutens (r — — .90), and,'of courst*, of a direct relation between the 
latt(*r and (‘xten.sibility (r = -f .86). Neither resistance nor extensi¬ 
bility is significantly relatetl to either the protein content or the loaf 
volume of the (lour; and the anomalous aKsorption for sample 3 intor- 
fen's with tlu‘ possibh’ relation l)elween the moisture content of the. 
gluten and (he ahH«)rptlon of tlu' flour. Within this series of Thatcher 
flours, Iosif volume appears to ilepend mainly on llu* protein content 
of (h<> flour (r =» .83). 'Phe interi>retat'ion of differences between 
samples tis shown by Stretchometer values in 'Fable II is the same as 
that discussi'd in dealing with Figure S. 

Intervariefai Series. Stretchometer tests were akso made on com¬ 
posite samples of'Fhatcher, Marquis, and four new varieties (('.T. 141, 
149, 508, and 807), representing equal parts of grain from a series of 
replicaterl plots grown at six stations in western Canada in 1944. As 
these samples had been studied as part of another investigation, data 
were available on baking qualities and on the dough properties meas¬ 
ured by the farinograph, extcnsc^paph, alveograph, and mixe^raph. 
In the pres(‘nt study, the gluten from each sample was tested at nine 
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levels of protein content obtained hy the method described in the pre¬ 
ceding section Regression lines for extensibility and resist<ince, each 
plotted against protein content, arc shown in Figure 6 I he correla- 



PROTEIN CONTENT OF GLUTEN, % 

Kig 6 for aix vanellcs showing n giession of StreU homotc r VdUit*s on pioU^tn < 


tion coefficients for exlcnsibility and protein weie not siftnificant, and 
an analysis of residual variance did not show significant differences 
either between regressions or centroids. Thus the study failed to 
demonstrate differences among extensibilities of the glutens from the 
abc varieties. 

Correlation coefficients for resistance and protein content of the 
gluten were .70, .75, .87, .80, .92, and .87, with .67 and .80 required for 
5 and 1% levels of significance; and the regression coefficients were: 
2.86, 2.21, 1.77, 1.10, 1.88, and 2.38. Statistical analysis showed no 
agnificant differences between regressions but a highly significant 
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FABLE III 

SiKI-ICHOMUhR .VNI> BaKINC DaTA FOR VaRU'TAL SrrIRS 



(gluten 

Flour 

VaiiotN 






RoHistatu e 

Kxtensibihty 

Flour protem 

Ivoai volume 


f! 

CM 


<c 

1. C. T. 508 

88 

27 

14.2 

805 

2, Thatcher 

82 

28 

13.6 

800 

3. C. T. U1 

70 

28 

12.5 

735 

4, Marquih 

70 

29 

13.0 

770 

S. C T. 14Q 

61 

29 

13.3 

780 

6. C. T. 807 

60 

30 

13.4 

760 


difference between centroids (F — 22.9; required for 1% level, 3.S). 
This result would be I'xpectcd from consideration of Figure 6. 

The mean vtilue.s for the Strotchomeler readings were calculated 
to a common basis of 78.6% protein, which was the general mean for 
all glutens in this study. The adjusted means, together with data for 
the protein contents of the original flours and for loaf volume, arc 
given in Table III. In view of the inverse correlation between re¬ 
sistance and c'xtensibility that occurretl in the Thatcher series, the 
correspoiuling relation shown in Table III is interesting, although no 
great importance can be attached to it because of the lack of significant 
diffeamces betwetm extensibility values. There is little evidence of 
any relation between Stretchometer values and protein content of the 
flour or loaf volume. In this series again, loaf volume appears to de¬ 
pend mtiinly on the quantity of protein in the flour. 

Figure 7 shows the curves ol>tained with various machines used for 
measuring the physical proi)ertie8 of douglis. Normal and high¬ 
speed farinognuns are shown in the first column, and these are fol- 
lowe<l by mixtjgrams, I'xtensograms, and alvcograms. 'I'liis figure was 
preiKirixl for a rqwrt which wsis completed before the Stretchometer 
study was uiulertaken. It is then*fore of particular interest that the 
varieties are armnged in exactly the same order as that of Table III, 
namely, in decreasing order of Stretchometer rcsistanw. Figure 7 
shows that this is iilso the order in which both the farinogram and the 
mixogram plaa* the varieties with respect to strengtli. It thus ap¬ 
pears that the mixing properties of the doughs are related to tlie mean 
resistance values of the glutens. 

Resistance to extension is measured for the doughs by the height 
of the extensogram, while the initial stiffness of the doughs is meas¬ 
ured by the height of the alveogram. It might thus be expected that 
these measurements would be related, at least in part, to the Stretch- 
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Tig 7 Normal and high speed farmograms mixogrinw extenaoRiama and alveogranm lor cirU 

ol Hix varieties 


omcter resistance Such a lelalion appears to exist for first livt'^ 
varieties, but is upset by the values for the sixth Since the Stret<h- 
ometcr failed to difterentiate between the extensibilities of the vai ieties 
it is hardly surprising that no relation is apparent between the Stietch- 
ometer value and extensibility as shown by the lengths of the ('‘\tciiso- 
gram or alveogram. 

General Discussion 

The design of the Stretchometer appears to be very satisfactory 
and no trouble has been experienced in operating it. However, tests 
made with glutens reconstituted from dried material, many of which 
have much greater resistance to extension than freshly prepared gluten, 
indicate the advisability of providing a balance of larger capacity if a 
second model were built, though this difficulty can be overcome with 
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the present itKxlel b\^ hanginj? the gluten ring over the Tee in such a 
way that two rather than four strands of gluten are stretched. Work 
with rings of dough also suggests that it might be advisable to provide 
a longer shaft and s(m 1(‘ to handle samples which have extensibilities 
beyond tlu‘ <Mi)a('ity of the machine. 

When tlu‘ Stn'tchometer was built, consideration was given to the 
advisability of inc'orporating a recording mechanism so that a curve 
representing the relation between resistance and stretching time could 
be drawn. This was not done because it seems to us that the use of a 
recording mechanism tempts the investigator to undertake complex 
studies of curve shape, anva under the curve, and other characteristics, 
which are likely to prove fruitless until the significance of the simpler 
and mon^ roa<lily intt^qxeted measurements of extensibility and rc- 
sistanc<» to extension is unch^rstood. 

The technique developed in preparing gluten rings of standard 
dimensions is simple and reproducible within the limits of sampling 
error. As freezing can be done on the coils of an ordinary refrigerator, 
no special equipment is n^quired other than the freezing plates and the 
ring cuttcT, and thes<' can be made quite cheaply. The comparable 
technique lused by Mohs, Schmidt, and Frank (1939) with the gluto- 
graph involves protreatmont (“homogenization*') of the gluten ring 
which is formed und(T 25 kg of pressure, in a press designed for the 
purpose, and held for 30 minutes at 40®C. Before stretching, the ring 
is cooled for 20 minutes at 18®C. James and Huber (1927) wore ap¬ 
parently able to press a satisfactory disc in the Kress (1924) machine 
after i^rctreating lh(‘ gluten by allowing it to stand in water for 10 
to 12 hours. 

The eiT(»ct of freezing on gluten properties cannot be readily do- 
t(*rmined Ix'cause of the difficulty of preparing rings from unfrozen 
gluten similar to those ma<lc from the frozen glutem Jt seems dan¬ 
gerous to Assume that this effect will be negligibUs although it is prol)- 
able that it will not be greater than th<^ t^ffects of heating or of allowing 
the gluten to stand in water for a long period. Nevertheless, the freez¬ 
ing technique must be classed as an arbitrary one adopKxl to facilitate 
the test. 

The paramount difficulty of comparing the qualities of the gluten 
in different samples of Hour lies in isolating the glutens. It would be 
ideal if the gluten could bo readily obtained in unchanged and “pure" 
condition, that is, with maximum protein content. But the protein 
determination takes too long, and there are no other satisfactory cri¬ 
teria for determining when the gluten has been obtained in sufficiently 
pure form or whether its properties have been changed during extrac¬ 
tion. It may well be impossible to obtain pure and unchanged gluten. 
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The curves in Figure 4, dealing with the effect of continued w.ishing, 
illustrate the difficulties. Both extensibility and resistance change as 
the gluten becomes successively purer, that is, as its protein content 
increases. But the curve for resistance also suggests, by the change 
in slope towards the end of the washing period, that a stage is reachwl 
at about 85% protein when further washing removes little arlditional 
nonprotein matter, but continues to increase resistance. And it seems 
reasonable to suppose that this further change in resistance is caused 
by the work done during the manipulation of the gluten mass. If 
this is true, then the question arises as to how much of the increase in 
resistance (or decrease in extensibility) during the earlier stages of 
washing results from purification of the gluten and how much results 
merely from the work done on it. 

It might be reasonable to test all glutens at equal but not neces¬ 
sarily maximum protein contents. But hen‘ again there are diffi¬ 
culties. Glutens from different flours cannot be brought to the sfune 
protein content by washing for equal times since the starch is not re¬ 
leased with uniform case. Accordingly, washing by machine as prac¬ 
ticed by Fisher and Halton (1936) would be no great help. Moreover, 
because different glutens hold different amounts of water, equal final 
protein contents cannot be obtained by washing to calculated final 
wet weights. This difficulty could be overcome by pilot tests, though 
these would be cumbersome. But if all glutens were washed to the 
same protein content by varying the amount of washing, the work 
done on the glutens would not be equal and each would probably ex¬ 
perience a different amount of change in its physical properties. 

These points, which do not appear to have been brought to light 
in earlier studies, were demonstrated in the prestml investigation by 
making comparisons at several different protein contents obtained by 
washing for different lengths of time. While this technique is by no 
means ideal, and would hardly prove suitable for a routine test, it 
docs serve to replicate the experiment, to permit comparisons by 
calculation at a standard final protein content, and to provide addi¬ 
tional information on the changes in gluten properties that take place 
during washing. 

Glutens appear to respond differentially to continued washing, an<l 
a knowledge of the rate of change of physical properties as washing 
progresses may be of considerable value. If these changes arc brought 
about partly by the work done on the gluten, they may well be similar 
to changes that take place in the gluten when a dough is mixed and 
subjected to other mechanical action during the remainder of the bak¬ 
ing procedure. Whether relations of this sort can be demonstrated 
remains to be seen. In the meantime it seems clear that the differen- 
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tial rc>s{)onsc of glutens to wushinj> is caused by differences in their 
physical proi)erties, and that the elaboration of a suitable technique 
for coniparinis glutens is no easy task. However, the difficulties 
created by the dilTerential effects of washing can easily be overem¬ 
phasized. ('hanges in the rank onler of sjunples when the testing 
procedxire is varied are. a matter of universal experience. It is well 
known, for instaiux', that th<‘ placing of a .scries of flours is frequently 
changed when the baking formula is changed. But if two samples of 
flour differ widely in baking quality, then this difference will be ap¬ 
parent by all baking methods. Accordingly, a simplifled and stand¬ 
ardized metlvKl for isolating and testing glutens may well prove useful. 
It should serve to differentiate glutens that differ appreciably in qual¬ 
ity, though it may not starve to separate glutens of somewhat similar 
quality. 

The r(‘.suUs of the pr<‘S('nl study seem siifficiently encouraging to 
warnuit further investigation. Standardization of the washing 
method, by making this more mechanical, is obviously required, and 
some improvement in the reproducibility of the Stmtehometer meas¬ 
urements is <lesirabl<'. If lhes(‘ can be achieved it should be possible 
to make considerable progress in studying gluten quality. Whether 
progress cjxn be made in relating the physical properties of glutens to 
the baking qualities of flour remains to be seen. One thing seems 
certain, howevt*r; simple relations between the various properties are 
hardly to be expected, and the need for large .scale studies of sufficient 
size to permit the use of corrt'lation and partial correlation techniques 
can therefore be anticipated. 


Sujxunaiy 

Technique anrl equipment for measuring the extensibility and re¬ 
sistance to ('xtension of gluten are doscribe<l. A ring of gluten (in¬ 
ternal and external diameter, 3S and SO mm; weight, about 3 g) is 
stamps 1 from a preaswl disc, 3 mm thick, made manageable by freez¬ 
ing. After thawing in water at 25'’(' for 30 minutes, the ring is fokled 
to form four strands, .susix*nde<I from a balance, and stretched down¬ 
wards by a pin moving at 40 an jx't minute. Extensibility of the glu¬ 
ten is me«i8ured in centimeters by the distance it stretches before 
breaking, and resistance is recorded in grams by the balance. The 
machine is called a Stretchometer. Data showing the effects of chang¬ 
ing the conditions for various steps of the testing procedure are 
reported. 

When gluten is washed from a dough its resistance increases and 
its extensibility decreases with the increasing protein content of the 
gluten brought about by continued washing. The relation between 
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resistance and protein content is linear up to about 8S% protein where 
additional washing continues to increase the resistance but reniov<»s 
little more nonprotein matter. The change in gluten properties during 
washing may result not only b^^ purification but also from the work 
done on the glutens. The change in (‘xtcmsibility is not ns marked UvS 
that in resistance, and the relation between exlensibilil\' and final 
protein content appears to be linear throughout. 

Glutens were prepared from eight samples of 'FhalclKM* wheat flour 
ranging in protein content from lO.S to 16.5%. Minimum and maxi- 
mum mean values for the glutens from different flours were 40 and 
85 g for resistance, and 28 and 36 cm for extensibility, and differences 
between flours were highly significant. Resistance and extensibility 
were inversely correlated (r = — .95; 1% = .83), but neither was 
correlated with the protein content or loaf volume of tlu' flour. A 
differential behavior of glutens from different sam])les to washing was 
established; regressions for resistance (but not for ext(msibility) on 
gluten protein differed significantly. 

Glutens from composite samples of six varieties showi^d no signifi¬ 
cant differences in extensibility, but mean n^sistance values ranged 
from 60 to 88 g and differed significantly. No significant relation was 
found between gluten properties and protein content or loaf volume 
of the flours. It was noted that the varieties were placed in the same 
order for decreasing resistance as for decreasing general strength of 
doughs as measured by the farinograph and the mixograph. 
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\ larj»c* nuinlHT of fml materials have been analy/ecl for 12 amino 
acids by niicr()biolc>.i»ical abwSiU'. 'Phroe microor}>anisms, Lactobacillus 
arabinosus, Lactobadllus caM, an<l Streptococcus faecalis R, have been 
employc‘il in these determinations. L, arabinosus and L. casei have 
been used extensiv<dy and to a high degree of satisfaction in micro¬ 
biological amino acid tleU^rniinations, Assays using 5, faecalis R were 
I)reviously rt‘port(*(h but as details were not given they shall be dis- 
ciisw^d in this report. 

An improv(‘menl of our earlier i>rocedure for 5. faecalis R was 
introduced by using acid production instead of turbidity as measure¬ 
ment of growth. 'Phe medium of l>])ly and Elvehjem (1945) for folic 
a<'i<l with S. faecalis R was modified for amino ackl determinations. 
Sodium citrate was added to our S. faecalis R medium as an additional 
bufTer, Higher acidity was produced with such a medium, which 
allowcnl evaluation of the assjiy by titration of the acid formed, but 
sodium citrate intenslfie<l caramelization of the glucose during auto¬ 
claving and const‘<luent!y the detection of the indicator end point was 
hindered. 'Phis difficulty was overconie by sterilizing the medium 
separately by passing it through a Seitz filter. 'Phe medium was 
inoculated and added usoptically to the autoclaved culture tubes con¬ 
taining the hydrol}'zat(*s, 'Phis adaptation was found satisfactory in 
assiiys with S. faecalis R, provide<l pyridoxamine was added, except in 
iussays for ly.sine and tyrosine. 'Pheir outstanding behavior will be 
refcTred to below. 

The technuiues <‘slal)lishing the relmbility of the assays and their 
applu'ation to fee<l materials are described. The analyzed materials 
are appraisinl in terms of essential amino acids and their nutrilioiial 
significance luis becui <Uscussed. 

Experimental Teclmique 

Microbiological Procedure, 'Phree microorganisms, Lactobacillus 
arabinosus^ Lactobacillus casei and Streptococcus faecaUs R (formerly 
known as Streptococcus lactis R), were employed. Stock cultures were 
carried in neutral tomato juice agar, containing 400 ml clarified tomato 

* CreRcnt addrcMS, J. T, Baker Co., PhiUip^biug, N. J. 

13S 
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TABLE I 

Composition op Medium* for Micromolck.icai. Assay or Amino 
Acids * with Streptococcai Jaecalis R 


Medium I * Medium H Medium III 


Koi titialiou ineaMUiemeut 


Components 

Fot tufbidiu 
measutenuMit 
(medium 
autocl.i\ed) 

(medium 

autocltiviHl) 

Cmcduim 
stcnh/wl 
hv Idtr.itmn) 

Glucose 

100.0 mg 

100.0 mg 

lOO.O mg 

Sodium aceUte anhyd. 

60.0 mg 

60.0 mg 

60.0 mg 

Sodium citrate anhyd. 

— 

200.0 mg 

200,0 mg 

Adenine 

0.5 mg 

0.5 mg 

0,5 mg 

Guanine 

0.5 mg 

0.5 mg 

0.5 mg 

Uracil 

0.5 mg 

0.5 mg 

0.5 mg 

Xanthine 

0.5 mg 

0.5 mg 

0.5 mg 

K 2 HPO 4 

S.O mg 

5.0 mg 

5.0 mg 

KH 2 PO 4 

5.0 mg 

5.0 mg 

5.0 mg 

MgSOi-THsO 

MNS04-4 HiO 

2.0 mg 

2.0 mg 

2.0 mg 

0.1 mg 

O.l mg 

0.1 mg 

NaCl 

0.1 mg 

O.l mg 

0.1 mg 

FeS04'7 H 2 O 

0.1 mg 

0.1 mg 

O.l mg 

Thiamine hydrochloride 

10.0 7 

10.0 7 

10.0 -> 

Pyridoxine hydrochloride 

2.0 7 

2.0 7 

2.0 

Calcium pantothenate 

2.0 7 

2.0 7 

Riboflavin 

2.0 7 

2.0 7 

2,07 

Nicotinic acid 

4.0 7 

LO 7 

4.0 > 

p-Aminobenzoic acid 

2.0 7 

2.0 7 

2.0-y 

biotin 

0.05 7 

0.05 7 

O.OS 7 

Pyridoxamine hydrochloride 
Folic acid * 

2.5 mg 

2.5 mg 

10.0 7 

2.5 mg 


units 

units 

units 


dl Alanine 

/(+) Arginine hydrochloride 

Asparagine 

/{—) Cystine 

M-f-) Glutamic acid 

Glycine 

) Histidine hydrochloride 
/(—) Hydroxyproline 
dl isoloudnc 
/(—) leucine 
di Lysine hydrochloritle 
dl Methionine 
dl Norleudne 
dl Phenylalanine 
/(-) ProUne 
dl Serine 
dl Threonine 
/(—) Tryptophane 
/( —) Tyrosine 
dl Valine 


4.0 

2.0 

4.0 

2.0 

4.0 

2a0 

2,0 

2.0 

2.0 

2.0 

2.0 

2,0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 


mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 


* pie m^tum waa adjuated to pH 0.8^7.0 and diluted to conUm the < ontents of one ammy tube in 
5 ml of solution. 

s amino 9X^ to be assayed was omitted from the medium. 

* pie medium in column 1 was used in assays with /.. arabinam^ and L, taset. 

* Vitamin ^ 'vw employed In assays for tryptophane as the impure liver eluate contains some 
ttpitophan^ Norit-treat^ caaein bydrolyzate was used in these assays (Greene and Black, X<>44). 
One mg umt of fpUc i^d is de^ed aa the activity of 1 mg d a standard prepaxation of solubilbc^ 
Uy» powdw QVi^n & Co.). University of Teseas publication No. 4t37, p. 36, **Aiisay Method ior 
Folic Acid,** Mitchell and Snell. 
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juice, 10 yeast extract, 10 g glucose, 5 ml each of salt A and B (Wil¬ 
liams, 1941), and 15 g agar in one liter. The inoculum was prepared 
in tomato juice broth of pH 5.5 containing 400 ml tomato juice, 10 g 
Neopeptone, 10 g ba<'topeptoni/od milk, 10 g yeast extract, 10 g 
glucose, 5 ml t^ac'h of salt A an<l B, and 2 ml of liver eluato prepared 
according to Hutchings, Bohonos, and Peterson (1941) in one liter of 
solution and im'ubated at 37®C for 18 hours before use. 

Tlie assay technique for L. arabinosus and L, casei has been de¬ 
scribed (Baumgarten, Ciarey, Olsen, Stone, and Boruff, 1944; and 
Baumgarten, Stone, and Boruff, 1945). 

5. faecalis R has been emplo^^ed (see Snell and Guirard, 1943, for 
preliminary report on its amino acid requirements) in microbiological 
assays of grain alcohol fermentation by-i)roducts (Baumgarten, Stone, 
and Boruff, 1945). In those earlier assays growth was measure<l by 
turbidity. Tlw composition of the media for S. faecalis R is given in 
Table J. The medium in column 1 (it should be noted that this is the 
medium employed in asvSiiys with L. arabinosus and L. casd) was 
adequate in assiiys in which turbidity was considered a satisfactory 
measurement. The addition of 2% sodium citrate (medium, column 
II) buffers the medium sufficiently to allow production of the maximal 
amount of lactic acid. The dipotassium iDhosphato of Teply and 
ElvehjenPs folic acid medium was omitted as ,no advantage was 
observed, and instead 0.6% sodium acetate was added. The addition 
of sodium citrate intensified the caramelization and dark color of the 
final bacterial suspension, and impeded titration against a color 
indicator. 

'Phis <lifficulty was overcome by sterilizing the medium and the 
samples sei)4irately. Suitable aliquots of the unknown neutral hydrol- 
yzates or the mnitraliml solutions of the amino acid for establishing 
the standard curvt^ were introduced into the assay tub(\s (25 X 200 
mm) an<l the volume adjusted to 5 ml with <listille<l water. The tubes 
were plugged with cotton ami autoclave<l. The medium was sterilized 
separately by i)assing through a Seitz filter and then inoculated with 
the bacterial susp<‘nsioa. Five ml of the inoculated medium were 
added ast^pticall>^ to the autoclaved tubes containing the amino aci<l 
solutions or tlu^ hydrolyzates. It was observed, however, that acid 
production Wius only 80% with such a medium as compared to the ackl 
fornu'd with the sanu* m(‘dium sterilized by autoclaving. It was 
established that this was due to a pyridoxamine deficiency and that the 
medium (column HI) containing pyridoxamine supported maximal 
growth and gave identical results regardless of the method of steriliza¬ 
tion. An explanation of this phenomenon was indicated by Snell and 
Rannefeld (1945) who showed that pyridoxamine is the active vitamin 
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for S- faecaUs R and not pyridoxine itself. Snell (194Sa) proved that 
pyridoxamine was formed during heating of pyridoxine with amino 
acid solutions, and established (1945) the natural occurrence of pyri¬ 
doxamine. From our experiments it is apparent that the addition of 



Fig. 1. standard curve for arginine with S,faccalis R, employing medium 111. 



iFlg. 2. Standard curve for glutamic acid with S^faetalU R, employing medium III. 

pyridoxamine was essential if the medium was not heat sterilized. It 
must be assumed that suboptimal amounts of pyridoxamine were 
formed at 30®C by the interaction of pyridoxine and amino acid solu¬ 
tions. Assay results tended to be hijyher when the filter-sterilized 
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mecliiini lU'voul of pyridoxaniiiio was employed. More titratablc acid 
was formed in th(» tubes cotitaining the natural hydrolyzates than in 
those tubcvS used to establisli the sUuidard curve when compared in 
terms of assiiyed amiito acid present. 'I'his was due to the fact that 




t ctf-tsoueuciNc 

Fis. 4. Standard curve for fiolettcine with 5. /oecaiff R, employing medium HI. 

pyridoxamine was present in the hyilrolyzatess and led to a wrong 
interpretation of the results. Again, the necessity for nutritionally 
complete media must be pointed out. The role of glutamic acid 
(Snell, 194Sa) in the transamination reaction was strongly indicated 
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as its assays showed the greatest discrepancies in the absence of 
pyridoxamine. 

The medium in column III (Table 1) was adopted for assays of 
arginine, glutamic acid, histidine, isoleucine, leucine, methionine, 



100 200 300 

r a W-LYSINE 


Fig. 6. Standard curve for lysine with S, faecalu R. employing medium II. 

serine, threonine, tryptophane, and valine with S. JaecaUs R. Stand¬ 
ard curves for these amino acids are presented in Figures 1 to 5, 7 to 10, 
and 12. Lysine (Figure 6) and tyrosine (Figure 11) were determined 
emplo 3 dng the medium in column II. 
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The essential character of tyrosine was dependent on the amount 
of p> riclovamine present in the medium The amount of pyridovamine 
foimed durinc: autoclaving of the pyridoxino with the ammo acid 
solutions or hy<lioly/ates did not interfere, howevei, the addition of 




8 Standard curve fot senne with 6 faecalts R employing medium 111 

1 jtg of pyridoxamine per assay tube resulted in near maximal blank 
titration. Results obtained with the medium given in column II were 
satisfactory and in close agreement with values determined with L. 
casei. Kxporiments showed that pyridoxal, the pyridoxine analogue 
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essential for the growth of L. casei, did not interfere with tyrosine 
determinations employing L. casei. 

Lysine exhibited an unexplained behavior. Standard curves of 



0 50 ioo 150 

f dJ^-THRCONlNC 

Fig. 9. Standard curve for threonine with 5. faecalts R, employing medium III* 



y I C-> •TRYPTOPHANE 

Fig» 10. Standard curve for tryptophane with S. faecalis R, employing medium III. 


lysine with S. faecalis R established with medium HI showed a higher 
blank titration than the next tubes, resulting in a dip in the curve. 

The medium in column II was found satisfactory for both lysine 
and tyrcsine and was adopted for their determinations. 
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Rehabihty of Assays with S* jaecahs R Smooth standard curves, 
recovery of added amino acid withm the limit of experimental erroi, 
and identical results at various levels of concentiation of ammo acid 



^ -TYROSINE 

Fig. 11 Standard cuivt lor tyro»ine 'mth S faecalti R en\ploying medium 11 



100 

r d I-VALINE 


Fig 12 Standard < urve for valine with 5 faerahs R, employing medium III 

were established in assays of amino acid with S> foecahs R. Recovery 
fij^ures for methionine and serine are included in this report as they 
were not reported previously. These recovery experiments were 
carried out by addition of amino acid to the material. From these 
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results it can be observed that recovery is well within the limits of the 
experimental error, a fact which invalidates claims that growth inhibi¬ 
tors might be present in such hydrolyzates (Table II). 

TABLE II 

Recovery Data on Methionine and Serine in Assays 
wiiH S. jaecalis R 



Per cent found 


Material invebtigated *— 

Methionine 

Serme 

* CT ucni r^CQvciy 

Com 

0.15 

— 

— 

Cora + 0 . 25 % /(— ) methionine 

0.38 

— 

92 

Wheat 

0.15 

0.56 

— 

Wheat + 0 . 25 % /(—) methionine 

0.38 

— 

92 

Wheat -f- 1 . 25 % /(-) serine 

— 

1.7 

91 

Corn solubles 

— 

1.2 


Corn solubles 4* 1 . 25 % /(— ) serine 

— 

2.5 

104 

Tankage 

— 

2.2 

— 

Tankage -h 1 . 25 % /(—) serine 

— 

3.4 

96 


In addition two commercial purified proteins were analyzed with 
five microorganisms for the purpose of comparing the results and 
proving their reliability. Twelve amino acids were determined in 
casein and gelatin and the results compiled in Tables III and IV. In 
most instances the values agreed very closely. The results for glutamic 
add were discussed previously (Baumgarten, Mather, and Stone, 

TABLE III 


Comparison of Amino Acid Composition of Casein ^ as Determined 
Microbiologically with Five Microorganisms 



1 

1 

o 

O 

Amino acid toiiipositioii (dxy mutter basis) I 



of amino acid 


iis determined by * 




used for 






Cheniu'ul > 


standard 






analysis 


curve 

L, aetdo’ 

L. 


/« mf&rn- 

S’. Jafi alti 




philus 

mtsm 


teroidf\ 

R 




% 

% 

% 

% 

% 

% 

Arginine 

/(+) 

4.1 

— 

3.6 


sL 8 

3.8 

Histidine 

Z -) 



— 

3.2 

3.3 

2.3 

Isoleucine 

dl 

Km 

mm 

7.8 

7.6 

7 .S 

6.0 

Leucine 

Z (-) 

■cm 

■cjm 

11.2 

n.o 

9,6 

11.3 

Lysine 

K+) 

mmm 

mmm 

— 

1 

8.3 

6.4 


dl 

3.0 

2.7 

— 

3.1 1 

3.0 

3.2 

Phenylalanine 

dl 

4.9 

— 

5.0 



4.9 


dl 

— 

— 



6.3 

6.0 

Threonine 

dl 

— 

4.5 

— ! 


4.1 

3.6 

Tryptophane 

Z (-) 

0.9 

1.0 

0,9 i 


0.9 

1.6 

Tyrosine 

K-) 

5.0 

— 

5.5 


5.0 

5.9 

VaUne 

dl 


7.4 

6.9 

8.1 

7.5 j 

6.5 


1 casein: 3.7% moisture, 14.84% nitrogen (on dry basis). 

»B&k^^*Bofing mwimn mployed see Baumgarten, Matber, and Stone (1945). 
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TABLE IV 

Comparison of Amino Acid Composition of Gelatin ^ as Determined 
Mtcrobiologically with Five Microorganisms 



Optical form 
of ammo acid 
used fot 
bUndard 
cmve 

Amino add composition (dry matter bdbis) 
as determined by > 

Cheimcal * 
analysis 

A. ac%do- 
phtluv 

L. orabi- 
nosu^ 

JL. easei 

JL. meKH’- 
ierotdes 

S.faecalts 

R 



% 

% 

% 

% 

% 

% 

Arginine 

K+) 

8.2 

— 

7.9 

8.4 

8.3 

8.2 

Histidine 

/(-) 

1.0 

— 

0.8 

0.8 

1.0 

l.l 

Isolcucinc 

dl 

1.9 

1.9 

2.3 

1.9 

1.9 

1.8 

Leucine 

/(-) 

3.6 

3.7 

3.6 

3.6 

3.2 

4.0 

Lysine 

/(+) 

— 

— 

— 

— 

5.1 

4.7 

Methionine 

dl 

1.0 

0.9 

— 

0.9 

1.0 

0.9 

Phenylalanine 

dl 


— 

2.1 


— 

2.2 

Serine 

dl 


— 

— 


4.0 

3.6 

Threonine 

dl 


2.0 

— 


1.9 

1.6 

Tyrosine 

l(-) 

0.8 

— 



0.6 

0.2 

Valine 

dl 


3.1 

2.5 

D 

2.7 

2.7 


1 Difco gelatin: 10.8% moisture* 17.23% nitrogen (dry basis). 

* For description of organisms and medium employed sec Baumgarten, Mather, and Stone (1945). 
s Block and Boiling (1945). 


TABLE V 

Comparison of Amino Acid Values Employing the Different 
Media * in Assays with 5. faecalis R 


Amino arid 

Medium 

employed 



Com 

solubles 

Wheat-Milo 
grains with 
solubles 

Milo grain*) 
with 
solubles 

Arginine 

I 

— 


— 

1.0 

0.78 

IH 

— 


— 

1.0 

0.80 


1 


0.39 

- — 

0.64 


Histidine 

n 

- 

— 

— 

0.61 

0.62 


m 


0.28 

— 

0.58 

■ 0.65 

Glutamic acid 

I 

2.0 

3.9 


- 



HI 

1.96 

3.6 

- 

— 

— 

Lysine 

I 

0.27 


— 

— 

- 

11 

0.28 

1 


— 

— 


Serine 

11 


0.56 

1.15 

— 

— 


111 

— 

0.64 

1.22 

— 

— 

Threonine 

I 



_ 

0.96 

1.0 


III 

— 

— 

— 

0.89 

0.96 

Tyrosine 

I 

_ 

0.12 

— 

— 

0.75 

11 

— 

0.10 

" 


0.77 


1 The media are described In Table I, columns L 11, and 111. 
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1945). For comparison, values determined chemically were included 
(Block and Bolling, 1945). 

Amino acid values determined with S. faecalis R were independent 
regardless of the medium (Table I) employed. Comparisons were 
carried out for several amino acids employing the different media and 
the results are given in Table V. For isoleucine, leucine, methionine, 
tryptophane, and valine, results obtained with medium III with 5. 
faecalis R were compared with those determined with L. arabinosus. 
These data are given in Table VI. These compilations might appear 


TABLE VI 

Comparison of Assay Results of Some Natural Products Determined 
WITH S , faecalis R and L . arah^rtcuis ^ 


Amino acid 

Determined with 

Com 

Wheat 

Fish 

solubles 

Red Dog 
flour 

Milo- 

wheat 

solubles 

MUo- 

wheat 

grains 

with 

solubles 

Isolcucinc 

S, faecalis R * 

0.36 


_ 

—- 




L, arabinosus 

0.44 


— 

— 


— 

Leucine 

5. faecalis R 

1.16 

0.86 

_ 

_ 

^9 

_ 


L, arabinosus 

1.37 

0.91 

— 

— 


— 

Methionine 

5. faecalis R 

0.19 

0.17 


-- 

0.40 

_ 


L. arabinosus 

0.18 

0.14 

— 

— 

0.36 

— 

Tryptophane 

S-faecalis R 

— 

_ 

0.30 


_ 

_ 


L. arabinosus 

— 

— 

0.30 

0.16 

— 

— 

Valine 

S. faecalis R 

0.40 


— 


— 

1.5 


1*. arabinosus 

0.46 


—- 


— 

1.7 


1 Medium 1X1 vras employed with .V, faeceUts R; medium I with L, arabinosus. 


superfluous, but similar results obtained on natural hy<lrolyzaieh 
strengthen the degree of reliability which can be assigned to such 
results, and they give additional information with respect to the 
possible occurrence of growth inhibitor. 

Specificity of Response. On first assumption only the naturally 
occurring I amino acids were supposed to possess growth-promoting 
activity (Stokes and Gunness, 1944). The substitution of optical 
antipodes or closely related compounds of specific amino acids for L. 
arabinosus, L. casd, and 5. faecaiis R has been investigated. Only in 
the case of glutamic acid (Baumgarten, Mather, and Stone, 1945) has 
the d form been found to be partially active. Under our experimental 
conditions dl leucine possessed half the activity of f(—) leucine and 
(i(-l-) leucine was entirely ineffective to promote growth of any of the 
three organisms (Table VII). Hegsted (1945) reported d(+) leucine 
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TABLE VII 

Response or L. arabinosus, L, rase%, and S, faecalts R to the 
Duferent Optical Forms of Leucine 


L<.*ucine added per tube ot 10 ml 

Growth produced by ^ 

/(-) 

dl 

d(+> 

L, ortAtTtosus 

L, caset 

5. faecalts R 

y 

7 

7 

ml 2Y/10 NaOH 

ml NHO NaOII 

ml N/10 NaOH 

0 

0 

0 

0.9 

0.8 

0.6 

25 

0 

0 

4.1S 

3.9 

3.7 

0 

so 

0 

4.0 

3.75 

3.5 

SO 

0 

0 

6.SS 

6.4 

6.05 

0 

100 

0 

6.45 

6.5 

5.7 

0 

0 

100 

0.9 

0.9 

0.7 

SO 

0 

21,000 

.— 

— 

7.15 

100 

0 

0 

8.5 

8.1 

— 

100 

0 

21,000 

9.0 

8.8 

— 


> Medium I was employed with L. arabtnosus and L. casft, medium III with S. faecalts R. The 
media were complete, only leucine was omitted. 

TABLE Vin 

Rrsponsi o^ I HR Microorganisms to the I and dl Forms of Lysinf, 
Methionine, Tryptophane, and Valine 


Medium contained per tube 

Growth produced by 

1 

1 

dl 

L. arabtnosus 

X. caset 

S. faecalts R 

7 

7 

ml iV/lO NaOH 

ml N/10 NaOH 

ml N/IO NaOH 

Lysine 




0 

0 


— 

1.6 

40 

0 

- 

— 

3.0 

0 

80 

- 

— 

2,9 

100 

0 

- 


4.65 

0 

200 

“ 


4.55 

Methj 

,onine 




0 

0 

- 

- - 

0.65 

10 

0 

- 

- 

2.7 

0 

20 

- 

- 

3.0 

35 

0 


- 

7.6 

0 

70 


- 

8.1 

Tryptt 

>phane 




0 

0 

1.9 

- 

0.0 

1 

0 

3.0 

- 

1.65 

0 

2 

3.15 

- 

1.7 

2 

0 

4.15 

- 

2.3 

0 

4 

4.3 


2.5 

3 

0 

4.8 


3.35 

0 

6 

5.1 

~ 

3.5 

Val 

line 




0 

0 

0,8 

1.3 

82.2 

10 

0 

2.45 

2.8 

63.75 

0 

20 

2.55 

2.7 

61.5 

20 

0 

3.7 

3.6 

56 

0 

40 

3.9 

3.6 

S3 

50 

0 

7.0 

5,55 

35 

0 

100 

7.2 

S.3 

34 


»Medium I wae used with all three orsa^ma. in the cut of ^line. In to detenninntioiu of 
lyainet methioiiixie» and tcyptopbane, medium III waa employed with 6, foecaUs R. The figures with 
S^ftteeaHs R far valine axe turbidity rcadingi on a arbitrary scale. 
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active for X. arahinostLs- Neither was an inhibition of growth ob¬ 
served when <i(+) leucine was added to assay tubes containing /( —) 
leucine under our experimental conditions, contrary to reports of Fox, 
Fling, and Bollenback (1944) for i. arabinosus, 

S. faecalis R required twice the amount of dl lysine to produce the 
same quantity of acid produced from Z(+) lysine. Similar results were 
observed with methionine and tr5q5tophane for L. arabinosus and 5. 
faecaUs R and with valine for L. arabinosus^ L. casei, and 5. faecalis R 
(Table VIII), 

A number of compoilnds derived from the corresponding amino 
acids were tested for growth-promoting activity (Table IX). llis- 

TABLE IX 

Response of L. arabinosus and 5. faecalis R to Compounds Related to 
Growth-Promoting Amino Acids in Media Devoid of the Amino Acid 


Medium contained 


0 —) histidine 

0 /(—) histidine -f- 500 y histamine 
160 7 /( —) histidine 

160 7 Z( —) histidine *f 2000 y histamine 
0 /(-f) lysine 

0 /(+) lysine 4* 500 y cadaverine 
80 7 l(+) lysine 

80 7 ll+) lysine 4000 y cadaverine 

0 l (—) tryptophane 
0 Z( —) tryptophane + 100 y indole 
0 /(—) tryptophane -j- 100 y anthranilic acid 
0 /(—) tryptophane 4- 500 y tryptamine 
0 Z(—) tryptophane 4* 1000 y indole-3-acetic acid 
10 7 /(—I tryptophane 
10 7 K—) tryptophane 4- 4000 y indole 
10 7 /(—) tryptophane 4- 4000 7 anthranilic aci<l 
10 7 /(— ) tryptophane -f- 4000 7 tryptamine 
10 7 /(") tryptophane 4-4000 7 indok^-d-acetic 
acid 


Growth produced by» 


. arabinosus 

A. Jaeealts R 

NfiO NdOH 

ml NJIO NaOH 

_ 

0.8 

— 

1.0 

— 

9.2 

— 

9.2 

— 

1.5 

— 

2.3 

— 

5.5 

— 

5.4 

0.65 

0.0 

6.8 

0.0 

5.4 

0.0 

1.4 

0.0 

1.8 

0.0 

6.6 

5.3 

0.6S 

0.0 

6.6 

4.3 

6.3 

4.2 

6.3 

5.7 


I- Medium I was employed with L. arobtnosus; medium 111 with iS.feetalis K. 

tamine did not replace histidine, nor did cadaverine replace lysine for 
S.faecaUs R. Indole and anthranilic acid were reported to be stimula¬ 
tory for L. arabinosus (Greene and Black, 1943). .Employing the 
present experimental technique, indole replaced tryiitophane for L. 
arabinosus, but was entirely inactive in replacing tryptophane for S. 
faecaUs R. In high concentrations it inhibited growth for both 
oi^^anisms. Anthranilic acid substituted for tryptophane only for L. 
artibinosus but not for 5. faecalis R. No inhibitory activity was ex¬ 
hibited. Tryptamine and indole-3-acetic acid were ineffective. 
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Recently Stokes and Gunness (194S) demonstrated that only the / 
form of serine promoted growth for L. ddbruckii. 

Preparation and Aiisay of Samples. Preparation of the samples for 
tryptophane dctcnnination was accomplished by autoclaving with 
saturated barium hydroxide solution for 7 hours at 15 pounds pressure 
(Greene and Black, 1944). Refluxing for 20 hours with 20% hydro¬ 
chloric acid was employed in processing the materials for the assay of 
the other amino acids. Stability of the individual amino acids under 
the conditions of hydrolysis was investigated by adding the amino acids 
one by one to some samples and determining the percentage of recovery 
(see Baumgarten, Stone, and Boruff, 1945). 

Arginine, phenylalanine, and tyrosine were determined with L. 
cased; isoleucine, leucine, methionine, tryptophane, and valine with L. 
arabmosus; and arginine, histidine, isoleucine, leucine, lysine, methio¬ 
nine, serine, threonine, tryptophane, tyrosine, and valine with S.faecalis 
R. The glutamic acid values were included for comparison and were 
discussed previously (Baumgarten, Mather, and Stone, 1945). 

The tryptophane determinations were carried out using norit- 
treated casein hydrolyzate supplemented with cystine as the source of 
amino acids (Greene and Black, 1944). In these assays crystalline 
vitamin Bo was substituted for liver eluate as the latter nearly always 
contained some tryptophane. In the calculation of the tryptophane 
content of the samples, tlie observed values were multiplied by two 
since the tryptophane is completely racemized by alkaline hydrolysis. 

Discussion of Results 

The analyti«il data are compiled in Table X. The results are ex- 
pressiHl in the percentage of amino acid contained in the dried materials. 
The nitrogen content of the s.imples is given, and the nitrogen per- 
centiige accounte<l for l)y the amino acids has been calculated. 

Relatively little <lata are available in the literature on tlie amino 
acid comi)o.sition of complex materials such as tlie fetxls investigated. 
A very excellent revii'w covering the Utemture up to 1943 has been 
compiled by Block and Bolling (1945). We shall not attempt to 
compare individual values, as samples of this nature vary considerably, 
depending on their source and origm. It might be sufficient to note 
that for the materials contained in Block and Bolling’s compilation the 
values given are of the same order of magnitude as ours, with the 
exception of leucine and isoleucinc. The leucine values are higher and 
die isoleucme values lower than our results, which might be attributed 
to the lack of dependability of the chemical method for the two amino 
acids. 
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Per cent 
nitrogen 
accounted for 

h 

a S 

“i 

*1 

c^00*0*0'0^<^ OOSONOt^CM-f-ilOO^ 

jsO <N©VO wNOOOQ^OnU) f09HlO^-00O00^^Je^ 1^1 

loioio iO»OiO»OCO'»fT<500'9H cs 

Valine 


o poOrMfMioiooo osOOTijoor^oopoq 

*■ r>4fd«dcsOC>Oc4o O 


1 

vor^jOH uo-ijoevqto*^'»t 

d-'Ho tHr4i-4d6ddd6 d 

Trypto¬ 

phane 

odd dddddd--^ ddddddddd d 

Thre¬ 

onine 

9hcs(n cscsc'i^Hrd'^rh c>ics9-^tHd^d'*Hd d 

Senne 

^ tHMfsS fS<Nr»r»ir-?rNNd ’ttd^H^HOdd'-HfH d 

Phenyl¬ 

alanine 

® <Ncs<N dddddiHid fNfs^^C'iddd'-Hd d 

Methi- 

I 

‘OO-'f NOr^rM-^lOOOO^ iOI>QOOs«N9-i<N-^9H *h 

odd dd^^'d-ndd ddddddddd d 

Lyaine 


»«00 CK W O **3 lO «^OOvOONOOOst^'5j<t^ fO 

«-3dd dd^'^desoo* d'<^cNc5ddd-^’d d 

Leudne 


cMioq ® ^ 

vdidd'^d^nd d-^dd^H^^Hcsd d 

4' 

j 


^ ■*-5dc4 ci p 4 d9-i od dddd'H^-iHiHO d 

a 

j 

% 

1.1 

1.7 
1.2 

1.9 

2.2 

1.8 

1.1 

2.3 

5.0 

4.1 

1.4 

1.2 

1.0 

1.3 

0.2 

0.2 

0.4 

0.6 

0.2 

0.2 

S3 

1 

ooqoo 1 ^,coqq*^q'^qio m, 

h* dost^ «»^dododd 1 d id d r^ 9-1.4 d th d 

<N 

1- 


»o qc^<^0'jqc^qq<^ 9H 

ddd dd^Jd-njflfNd (Ncsddddd^Ho d 

k 

z 

a 

qqqqq9-jW5 

doi*-i •Hoddd'Hid ododddddddd cs 

4»-( •-< 9-4 »H *H »-< 


Vegetable protein 
concentrates 

Cottcmseed meal 
Extracted soybean meal 
Repelled soybean meal 

Animal by-products 
Tankage 

Meat scraps 

Liver meal 
liver powder 

Fish meal 

Fish solubles 

Casein 

Miscellaneous feed 
supplements 

Animal feed yeast 
Irradiated dried yeast 
Dried buttermilk 

Dried skimmilk 

Dried whey 

Dried cheese whey 
Dehydrated alfalfa 
Dehydrated grass 

Grass juice extract 
Water-soluble fraction of 
grass 
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The amino acid composition of tankage, meat scraps, and whole 
com (Block and Bolling, 1943) and of yeast and casein (Block and 
Bolling, 194Sa) has been investigated. In the earlier publication 
leucine and isolcudnc were determined chemically, and in the second 
report the results were obtained by microbiological as.say. Our results 
s^eed well with the microbiological but not with the chemical values. 
The results on the other amino acids compared favorably. 

Several procedures have been employed in the determination of 
tryptophane. Dried yeast was found to contain by chemical analysis 
1.1% tryptophane (Kratzer, 1944; and Ryan and Brand, 1944) and 
1.32% (Greene and Black, 1944) by microbiological assay, while our 
value was 1.15%. All results were calailated to 16% nitrogen for 
comparison. Our microbiological values agreed well with the other 
chemical tryptophane values of Kratzer. 

Our microbiological assay values compared well with results ob¬ 
tained by Ryan and Brand (1944) for tyrosine and leucine; by Kuiken 
and co-workers (1943) for leucine, isoleucine, and valine; by Grau and 
Almquist (1943) for methionine. 

Serine, although nonessential, has been included in this study be¬ 
cause heretofore very few values for it have been reported. 

Results obtained by microbiological assay compared favorably with 
recent chemical values. 11 has been stated (Stokes and Gunness, 1945; 
and Dunn et al., 1944) that microbiological assays should be applied 
only to pure proteins and not to complex substances such as feed 
materials investigated by us, as some inhibiting or stimulatory sub¬ 
stances possibly affecting the assay might be present. However, the 
possible effect of such interfering substances was eliminated to a large 
extent by assaying at different levels of concentration of the hydrol- 
yzates. Different values shoukl result at the various levels in an 
unsatisfactory assay, but this was not the experimental result. Re¬ 
covery results are an additional safeguard to rule out such a possibility. 
It may be argued that biological methods are more specific than chemi¬ 
cal methods, as biological systems in general resjxjnd to a specific 
nutrilite, whereas in colorimetric analysis of amino ackls relaterl com¬ 
pounds such as amines can produce a similar color that is impossible 
to differentiate. For instance, in tryptophane determination the 
color-producing compound is indole. 

Undoubtedly both the chemical and biological methods arc of value, 
but for comparative values on practical proteins the microbiological 
technique appears to be of greater worth. A large number of samples 
can be analyzed at one time and such comparative values are of great 
reliability. 
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Nutritional Significance of Results, The qualitative amino acid 
requirements for rats, chicks, and human beings have been established. 
Rose (1938) has shown 10 amino acids—^arginine, histidine, isoleucinc, 
leucine, lysine, molhionine, phenylalanine, threonine, tryptophane, and 
valine —indispensable for the rat. The chick requires in addition 
glycine (Ilegsted, 1944; Almquist and Grau, 1944); the status of the 
glutamic acid is uncertain. Human beings require isoleucine, leucine, 
phenylalanine, lysine, threonine, and tryptophane (Rose, Haines, 
Johnson, and Warner, 1943), while arginine and histidine are dis¬ 
pensable (Rose, 1945). 

Almquist (1945) reported quantitative requirements for the chick: 
0.9% arginine, 0,8 -1.0% glycine, 0,8“1.0% isoleucine, 0.15% histidine, 
1.0-2.0% leucine, 0.9% lysine, 0.9% meAionine, 1.0% phenylalanine, 
0.5-1.0% threonine, 0.25% tryptophane, and 1.0% valine. It is well 
known that cereal grains are deficient in lysine and tryptophane. 
Distillers* by-products are considerably higher in these amino acids 
and constilute a good protein source. Protein concentrates as well as 
animal by-products are well balanced in this respect. The milk 
products contain fairly high proportions of lysine and tryptophane. 

From such data it should be possible to evaluate a diet or ration in 
the light of the amino acid requirements. In addition, however, the 
digestibility of the proteins ingested should be known. 

Summary 

An improved medium for amino acid assays with S, faecaUs R has 
been <lescribcd. It allows evaluation of the results by the titration of 
the acid produced, as under our assay conditions maximal production 
of lactic acid an<l optimal utilization of the glucose was achieved. 
This assay technique is a simplification of our earlier procedure 

The specificity of response of the three microorganisms, L, ara- 
binosuSf L, casei, and S, faecalis R, to their essential amino acid and 
their possible replacement by metabolites or predecessors of these 
amino acids have been invCvStigated. 

A number of feed materials has been analyzed for 12 amino acids— 
arginine, histidine, isoleucinc, leucine, lysine, methionine, phenylala¬ 
nine, serine, threonine, tryptophane, tyrosine, and valine. The results 
are discussed in view of the literature values and their nutritive signifi¬ 
cance is indicated. 
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EFFECT OF METHOD OF COMBINING THE INGREDIENTS 
UPON THE QUALITY OP THE FINISHED CAKE ^ 

(rWKNDor.YN L. Tinklin and Olvdys E. Vail 

Kans«is Agiitultural Expeiiment Station, Manhattan, Kansas 
(Received lor publication July 9, 1945) 

During the last few years, new method.^ of mixing cake ingredients 
have been introduced. These vary the order of combining the in¬ 
gredients and are tending to replace the conventional creaming method 
which has long been followed. Several methods of mixing are now 
recommendal for commercial bakeries; for home use the trend is 
towards the use of short mixing times. 

Several invcbtigators have emphasized the Importance of the emul¬ 
sion in the batter in relation to the quality of the finished cake. 
Nason (1939) pointed out that when the egg was added slowly a more 
stable emulsion was formed. Grewe (1937) had previously made the 
same observation. She had also found the emulsion to be more stable 
when the specific gravity was greater than 0.7S. Halliday and Noble 
(1933) stated that when the emulsion was in a stable form the cakes 
produced were more velvety and would retain their freshness for a 
longer time than those made from a batter in which the emulsion broke. 

Bailey and LeCIerc (1935) observed that a water-in-fal emulsion 
resulted when eggs and milk were added gradually during the cream¬ 
ing process. When these were added too rapidly, a curdled mass 
was formed as the emulsion changed from a water-in-fat to a fat-in- 
water dispersion. Collins and Sunderlin (1940) found that batters of 
high viscosity were associated with a water-in-oil type of emulsion 
and those of low viscosity with an oil-in-water emulsion, Lowe (1943) 
stated that thin-pouring batters produced inferior cakes. She also 

J Contribution No. 120, Department of Home Economics. Condena^ from ^ thesis pw^ted 
by Gwendolyn L. Tinklin in po^l fulfillment of tbe requirements for the Degree of Master ot Science, 
May, 1944. 
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observed that curdled batters, if the flecks were small, often produced 
desirable cakes. 

Lowe and Nelson (1939) pointed out that the method of combining 
the ingredients affected the viscosity of the batter, and that the more 
viscous the batter the higher the score given the cake. They referred 
to work by Buel in which she found that if the batter were viscous 
enough to stand in waves when poured into the pan, a good cake could 
be expected. Pyke and Johnson (1940) made similar observations 
regarding the relationship between the viscosity of the batter and the 
quality of the finished cake. They concluded that a batter with a 
high specific gravity and low viscosity yielded a cake of small volume, 
coarse grain, and a somewhat harsh, rubbery texture which was not 
of the velvety type. Alexander (1931) found a direct relation be¬ 
tween specific gravity of batter and quality of the finished cake. 

A cake which has been mixed just the right amount, as described 
by Lowe (1943), is one in which the ingredients are well blended. It 
has a fine grain, thin cell walls, a smooth crumb, and a velvety feel 
when tasted. Undermixing, according to Nason (1939), results in a 
coarse, uneven texture and a cake which will stale rapidly, while over¬ 
mixing gives a smaller volume and a compact texture. 

The present investigation was undertaken to study the effect of 
different methods of combining the ingredients of a simple cake (con¬ 
taining fat) on various characteristics of the batters and the baked 
cakes. The consistency and specific gravity of cake batters prepared 
in various ways was determined, and related to the shortness, com¬ 
pressibility, and eating quality of the finished cakes. 


Materials and Methods 


Cake Formida, The cake formula used throughout the study was 
as follows: 


Ingredients 


Fat 

Su^r 

Cake flour 

Baking powder 

Salt 

Vanilla 

Dried whole eggs 

Water 

Milk 


Quantity 

U) 

Approximate measuies 

75 

h cup 

200 

1 cup 

168 

ih cups 

10 

2H teaspoons 

1.5 

H teaspoon 

- 

1 teaspoon 

27 

4 tablespoons, packed 

100 

6% tablespoons 

162.7 

H cup 


Ingredients were as nearly identical as possible. Dried eggs from 
the same lot, a high-ratio vegetable shortening available to institu¬ 
tional and commerdal bakeries, finely granulated sucrose, high-grade 
cake flour, grade A pasteurized whole milk obtained fresh daily, a 
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combination sulfate-phosphate (sodium aluminum sulfate-phosphate) 
baking powder, distilled water, salt, and vanilla were used in all cakes. 

When the dried eggs were reconstituted they were added to the 
water and mixed either by shaking in a bottle or by beating in a bowl. 
When the Wiit<T was at room temperature, the eggs stood for 30 min* 
utes before they were combined with the other ingredients. When 
water at 67®(I was used, the eggs were readily dispersed and no hydra¬ 
tion period was allowed. 

Methods of Mixing. A total of 200 cakes was made using six gen¬ 
eral methods of mixing. Minor alterations were made in these 
methods to bring the total number to 20. 

Cakes were made by each method five times on two different types 
of three-speed mixers. For purposes of comparison and discussion, 
the work was divided into two series. In Series 1 the mixing was 
done on a Kitchen-Aid mixer with steel bowls of five-quart capacity. 
This mixer had a wire whip which was used for whipping the ^gs and 
a flat paddle used for all the other mixing. In Series II a “Model C 
Hamilton-Iieach mixer witli a one-quart and a three-quart vitreous 
bowl was used; the smaller bowl was used for whipping the eggs be¬ 
cause it was a more suitable size for the amount. The three-quart 
bowl was flatter and more shallow than the bowl used with the Kitchen- 
Aid mixer. However, with each mixer the bowls were of sufficient 
size to permit thorough mixing of ingredients. The amount of batter 
was kept constant throughout the study. 

The methods of mixing were briefly as follows: 

Cake-*Mixer A/c//zwI.>Rocons,ti Luted eggs whipped on high speed, fat, sugar, and salt 
added. Creamed on medium speecf to desired specific gravity. Sifted flour 
and baking powder added alternately with liquid, using low speed. 

Meihou I. liggH reconbtiluted in all of the water at 68®C. 

Mm HOI) 11. Eggs reconstituted in % of the water at 68®C, of the water 
added with milk. 

Mm HOD III. Eggs reconstituted in all of the water at room temperature. 
Hot water biitn at 65®«70**C used while whipping. 

Method IV. Siime as III except % of the water used for reconstituting eggs, 
and the rcMnaiuing ^ addeef with milk. 

Modified Cake^Mixer Method: Creamed fat, sugar, and salt (and water if so specified 
in any modification) on medium speed. Changed to low speed and finished 
mixing. 

Method V. ICggs sifted with flour and baking powder, then added alter¬ 
nately with combined milk and water. 

MKrHoD VI, Same as V except % of the water added with milk, and added 
with creamed mixture. 

Method VII. Same as V except H of the water added with milk, and H 
added with creamed mixture. 

Method VIII. Same as V except H of the water added with milk, and % 
added with creamed mixture. 

Method IX. Same as V except all of the water added with creamed mixture. 

Method X* Eggs made into paste urith of the water and added to creamed 
fat, sugar, and salt mixture, of the water added with milk. 

Method Xl. Eggs sifted with sugar and salt and creamed with fat, all water 
added with creamed mixture. 
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Method XII. Same as XI except of the water added with milk and % 
added with creamed mixture. 

Method XIII. Eggs reconstituted and added with milk alternately with 
flour mixture; M of the water added with eggs and added with creamed 
mixture. 

Method XIV. Eggs sifted with sugar, salt, and approximately of the flour, 
then creamed mth fat. All water added with creamed mixture. 

Four-Minute Method: 

Method XV, Bggs reconstituted with of the water, of the water added 
with milk. Dry ingredients sifted together. Fat and H of the liquid 
added. Mixed 1 minute on low speed, then 1 minute on medium speed. 
Remaining liquid and reconstituted eggs added. Mixed 1 minute on low 
speed and 1 minute on medium. 

Modified ^^Conventional Sponge"* Method: 

Method XVI. Eggs reconstituted in all of the water at 68®C. Fat and H of 
the sugar creamed, low speed. Reconstituted eggs and other of the 
sugar whipped 1 minute on low speed and 4 minutes' on high speed. 
Changed to low speed to complete mixing. Baking powder, salt, and 1 
tablespoon flour sifted together, added to fat-sugar mixture. Mixed slightly. 
One tablespoon of liquid added. Mixed. Remaining flour and liquid 
added alternately. Egg-sugar mixture added. 

Conventional Method: 

Method XVII. Eggs reconstituted in all of the water. Fat creamed on high 
speed. Sugar added, creamed on medium speed. Reconstituted eggs 
added and creaming continued on medium speed to desired specific mvity. 
Changed to low spt^d; flour, salt, and baking powder sifted together and 
added alternately with liquid. 

Modified Conventional Method: 

Method XVIII. Same as conventional except that eggs were sifted with sugar 
and salt and then creamed with fat. All of the water added with creamed 
mixture. 

Flour-Batter Method: 

Method XIX. Eggs reconstituted in all of the water at 68®C. Fat, flour, 
salt, and baking powder blended on low speed. Reconstituted eggs and 
sugar whipped on high speed to give a meringue-like mixture. Merin^e 
and liquid added alternately to fat-flour mixture, at a time, using low 
speed, 

Dougk-Batter Method: 

Method XX. Eggs sifted with flour, salt, and baking powder, then blended 
with fat. All ^ the water added with milk. Sugar mixed with Yi of liquid 
and added H at a time. Remaining liquid added >2 at a time. In Scries 1, 
with Kitchen-Aid mixer, low speed was used throughout. In Series II, 
with Hamilton-Beach mixer, medium si>t»ed was used while incorporating 
sugar and H of the liciuid; low spec<i U8o<i the remainder of the time. 

For all cakes in the two series, the s])ee<l of mixing? was the sjinie 
except as specified in Method XX. 

When the first mixture was of fat and sugar with or without added 
egg and water, it was usually creamed to a definite specific gravity. 
Alexander (1931) found that this reduced creaming: and mixing 
variables. 

Tests on Batters. The specific gravity determinations were made 
on the batters by filling a.57 ml aluminum cup, weighing it, and com- 
'puting the ratio between the weight of the batter and an equal volume 
of water. The consistency of the batter was determined by putting 
the above cup of batter into a glass funnel, on the stem of which were 
two marks 5.0 cm apart. The bore of the stem was approximately 
8 mm in diameter* The time necessary for the batter to move from 
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the upper mark to the lower one was recorded as the measure of 
consistency. 

Baking. The baiter remaining after the small cupful was removed 
was poured into an aluminum cake pan 7^ inches square and V/i 
inches deep and bakwl at 365®F (185“C) for 43 minutes in a gas oven 
equipped with a revolving hearth and an accurate thermostatic heat 
control. 

Evaluation of Cakei. Approximately 20 hours after baking, the 
cakes were cut. Four uniform slices were cut using an apparatus 
similar to a miter box. The first slice was not used for testing because 
of the crust on one side. 

The height of each cake was determined by measuring in centi¬ 
meters the height of the fourth .slice cut, at the outer edges, at the 
center, and at points one-half the distance from the center to each 
edge. The average of these five measurements was then recorded as 
the standing height of the cake. 

A gram shortometer, an apparatus consisting of a modified spring 
balance and a remodeled laboratory balance, was used to measure in 
grams the force m'cessary to break a slice of cake one inch in thickness. 
This device was a modification of the one used by Bailey (1934) and 
was described by Kramer (1935). 

After testing for shortness, one-half of each broken slice was used 
for testing the compressibility of the cake. The apparatus used was 
similar to that described by Platt and Kratz (1933). 

The quality of the cake was determined by a palatability com¬ 
mittee using a .score card similar to that given by the Institute of 
American Meat Packers (1934). 

Results 

Comparison of Residts wUh Two Mixers. 'Phe time of creaming 
was affwttxl Ivy the temperature. The specific gravity of the creamed 
mixture differed with tlie ingredients used. Variation in total time of 
mixing (Tables 1 and 11) for the two mixers wa.«! largely due to differ¬ 
ence in efficient^ of the mixer in the first creaming. The Kitchen-Aid 
mixer with a iKuldlc similar to that used on larger commercial models 
apparently incorporated a given amount of air in certain combinations 
of ingredients more quickly than did the household-type of mixer. 
In other instances the reverse was true. 

Comparison of the average specific gravity of batters made by the 
same metliod with the two mixers shows that in roughly one-half of 
the cases the Kitchen-Aid mixer (Series I) gave the lighter batter and 
in the other half the Hamilton-Beach (^ries II). This variation is 
difficult to explain. 
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The consistency of the batters also varied in the two series ('Fables 
I and II), but methods which gave a thick batter with one mixer also 
gave a thick batter with the other. 

On the whole the cakes mixed with the Kitchen-Aid mixer re¬ 
sembled '‘bakery-type'' cakes. Although the volume was almost 
equal to that obtained in Series II the texture was more compacl. 
The comments made by the judges indicated that they considered 
many of the cakes to be too firm and lacking in velvetincss. Some 
felt harsh and bready, others were tender but tended to crumble 
excessively. Shortness and compressibility tests (Tables I and II) 
show these cakes tended to be less tender and less compressible. 

The cakes in Series II were more like the typical “homemade" 
product. They were less compact, had a fine even grain, and were 
tender, but held together with little tendency toward excessive 
crumbling. On the whole they were smooth, soft, and velvety to the 
touch and on the tongue. The cakes in this series were more com¬ 
pressible and more tender than those in Series I, due, no doubt, to the 
fact that the “homemade type" was less firm and compact. 

The palatability committee indicated a preference for the “home¬ 
made type" of cake as is shown by the slightly higher scores given 
those cakes. The cakes* in Scries I, the “bakery type," were given a 
wider range of scores than those in Series II. 

Although the cakes varied considerably more in quality than is 
indicated by the range in palatability scores, all were edible. The 
palatability scores included a number of factors such as crust, shape, 
color of crumb, moistness of crumb, tenderness, velvetincss, and 
eating quality; so in many instances a lower score on one point was 
offset by a higher score on another. By and large, the s<'orc for eat¬ 
ing quality tended to parallel the total palatability scon^. Comi>ari* 
son of the two series shows that the moans for eating quality were 
exactly the same. However, if all results aure considered, it is evident 
that no method of mixing produced cakes of identical quality when 
the two mixers were used. This difference may have bam due to 
variation in beater, shape of bowl, and/or number of revolutions per 
minute of the beater. 

Comparison of Methods of Combining Ingredients. The primary 
purpose of this study was to compare methods of combining the in¬ 
gredients in a simple cake containing fat. These results are sum¬ 
marized in Tables I and II. 

Each method tended to give a characteristic batter, ranging from 
one so thin that it could be easily poured to one so viscous that it 
needed to be pushed into the corners of the baking pan. The differ¬ 
ence in consistency was determined by the time required for a given 
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volume of batter to flow through a distance of 5,0 cm in the stem of a 
funnel. This varied from 0.2 minute for the thinnest batter to 52.8 
minutes for the thickest. Tables I and II give averages for the 
different methods. 

TABLE I 

Si‘:Rn':s I. ICkfkci op Mkthod op Mixing upon Characteristics of 
Batter and Baked Cake 




Batter 

Baked cake 

Method 

Time 

oi 

mixing 

Specific 

gravity 

Final appear¬ 
ance 

Con¬ 

sist¬ 

ency 

Stand¬ 

ing 

height 

Short- 

nesb 

Com- 

pressi- 

biUty 

Palat- 

ability 

score* 



min 



•min 

cm 

8 

mm 


Cake-mixer 

1 

t6.0 

.8421 

Fairly thick 

10.4 

5.2 

125 

4.3 

57.8 


II 

13.0 

.8035 

Fairly thick 

11.6 

5.3 

124 

4.3 

57.8 


Ill 

IS.O 

.8316 

Medium thick 

5.1 

S.3 

129 

3.9 

56.8 


IV 

13.0 

.8228 

Medium thick 

4.3 

5.1 

125 

4.0 

57.9 

Modified (ake- 










mixer 

V 

23.0 

.8000 

Thicka 

17.6 

5.0 

112 

3.8 

56.9 


VI 

23.0 

.7632 

Thick* 

24.3 

5.0 

118 

3.5 

57.6 


VII 

22.0 

.7509 

Thick* 

29.2 

5.0 

123 

3.5 

57.3 


VIII 

24.0 

.7526 

Thick, dull* 

25.5 

S.l 

114 

3.8 

58.0 


IX 

25.0 

.7526 

Thick* 

28.5 

mSm 

120 

3.6 

57.4 


X 

16.0 

.8263 

Thin 

2.1 


139 

3.9 

58.2 


XI 

16.0 

.8474 

Very thin, 
glos&y 

Thin, glossy 

0.3 


141 

3.6 

57.9 


Xll 

16.0 

.8614 

0.3 

5.1 

147 

3.4 

56.8 


xin 

21.0 

.7597 

Thick, viscous 

21.7 

5.2 


4.2 

.S9.0 


XIV 

16.0 

.8667 

Thin 

0.3 

5.5 

141 

3.4 

56.8 

Four-minute 
Modified ''e'en- 

XV 

4.0 

.9667 

Very thin 

0.5 

4.6 

113 

3.1 

54.9 

ventional 

sponge” 

XVI 

8.4 

.8667 

Thin, slightly 
curdled 

3.4 

4.9 

109 

3.5 

55.8 * 

Conventional 

Modified 

XVII 

15.7 

.7649 

Thick, dull 

12.3 

5.3 

104 

4.9 

58.9 

conventional 

XVIU 

12.7 

.7825 

Thin, dull 

0.7 

5.4 

119 

3.9 

58.2 

Flour-batter 

XIX 

20.0 

.9105 

Medium thick 

6.0 


127 

3.3 

58.0 

Dough-batter 

XX 

12.0 

.9579 

Quite tliin 

0.4 

S.l 

134 

3.6 

58.0 


»Possible soo !0 70. 

it Curdled with fust additions ol lutuid but became <iuite Hmooth, thick, and vibcoub with last 
portionh of iloui. 


As a rule, when the eggs were siftccl with the flour the batter was 
very thick. When the eggs were reconstituted before being added, 
the batter was generally thick. Exroi)tion.s were the Cake-Mixer 
Mcthtxis, in which the eggs were set in a hot water bath while whip¬ 
ping, and the h'our-Minute Method. When the eggs were added with 
the sugar, a thin batter was usually obtained. 'Phis difference in 
consistency agrees with observations of Lowe and Nelson (1939), who 
found that the method of combining the ingredients affected the vis¬ 
cosity of the batter. 

Jt was thought that temperature might be an important factor in 
determining the consistency of batters mixed by the different methods. 
However, the correlation between temperature and consistency was 
not significant (Table III). 

Several batters curdled when the first portion of liquid was added 
(Tables 1 and 11) but tlie curdled appearance disappeared and the 
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TABLE II 

Series II. Effect of Method of Mixing upon Characteristics of 
Batter and Baked Cake 


Method 

Batter 


BaktKl cake 


Time 

of 

mixing 

Specific 

gravity 

Final appear¬ 
ance 

Con¬ 

sist¬ 

ency 

Stand¬ 

ing 

height 

Short¬ 

ness 

Com¬ 

pressi¬ 

bility 

Palat¬ 

ability 

scored 



mtn 



•min 

cm 

g 

mm 


Cake-mixer 

I 

20.0 

.7930 

Fairly thick 

13.8 


115 

4.5 

58.0 


11 

16.0 

.8211 

Fairly thick 

7.9 


US 

4.4 

58.9 


III 

21.0 

.8439 

Medium thick 

1.7 


127 

4.3 

56.9 


IV 

18.0 

.8578 

Medium thick 

2.0 

5.1 

135 

3.6 

57.1 

Modified cake- 










mixer 

V 

21.0 

.8351 

Thick’ 

6.7 

5.0 

102 

5.0 

60.1 


VI 

19.0 

.7772 

Thick’ 


5.1 

103 

5.7 

59,0 


VII 

20.0 

.7684 

Thick’ 

14.2 

5.1 

104 

5.8 

58.8 


VIII 

21.0 

.7579 

Thick, duU’ 

28.7 

5.1 

97 

6.6 

60.3 


IX 

21.0 

.7579 

Thick® 

26.5 

5.0 

104 


59.5 


X 

14.0 

.7965 

Thin 

7.2 

5.3 

114 

4.7 



XI 

16.0 

.8386 

Very thin, 
glossy 

0.5 

5.3 

135 

4.1 

mUM 


XII 

1S.0 

.8526 

Thin, glossy 


5.3 

134 

3.8 



XIII 

21.0 

.7667 

Thick, viscous 

22.3 

S.l 

101 

4.9 



XIV 

17.0 

.8351 

Thin 

0.7 

5.2 

131 



Four-minute 

XV 

4.0 

1.0298 

Very thin 

0.2 

4.6 

Win 

3.1 


Modified **con- 










veational 










sponge" 

XVI 

10.4 

.9456 

Thin, slightly 
curdled 

1.3 

4.7 

115 

3.1 

56.5 

Conventional 

xvn 

16.7 

.7684 

Thick, dull 

13.1 

5.2 


4.2 

58.1 

Modified con¬ 










ventional 

XVIII 

11.7 

.7947 

Thin, dull 

1.3 

5.3 

116 

4.1 


Flour-batter 

XIX 

18.0 

.9053 

Medium thick 

3,9 

5.0 

131 

3.5 


Dough-batter 

XX 

12.0 

.9158 

Quite thin 

0.4 

5.1 

132 

3.S 



1 Possible score 70. 

’Curdled with first additions of liquid but became quite smootti, thick, and vibcoub with last 
portions of flour. 


TABLE m 

Correlation Coefficients for Selected Data Obtained from 
Batters and Baked Cakes' 


Coefficient oi correlation 
_(t)_ 


Correlation between Series I Series U 

Specific gravity and consistency — M** — .60** 

Specific gravity and palatability 

Shortness and compressibility —.54** —.61** 

Compressibility and palatability +.16 +.71** 

Shortness and palatability —.33** —.42** 

Consistency and palatability —.03 +.39** 

Consistency and shortness —.30** —.54** 

Consistency and compressibility +.01 +.52** 

l^dex to volume and specific gravity — .21* ,50** 

Compressibility and specific gravity —.27** —.67** 

Consistency and temperature of batter +.19 —.10 

Eating quality and palatability +.64** +.81** 

Eating quality and other palatability factors +.74** +.72** 

Spedfic gravity and shortness + .26** + .33** 

Index to volume and consistency —.29** +.00 

Ind^ to volume and palatability +.38** +.24* 

Eatii^ quality and compressibility +.25* +.54** 


I 
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batter became smooth and thick when the dry ingredients and re¬ 
maining liquid were added. The Modified “Conventional Sponge” 
Method resulted in a curdled finished batter. Some batters are de¬ 
scribed as “thick and dull” and others as “very thin and glossy.” 
This difference in appearance may possibly be explained by the work 
of Collins and Sunderlin (1940), who found that the viscosity of the 
batter varied with the t3q3e of emulsion when the proportion of in¬ 
gredients was constant. Thin batters, these workers believed, were 
associated with oil-in-water emulsions and thick ones with water-in-oil 
emulsions. Lowe (1943) states that in addition to these two types of 
emulsions, fat may be distributed in the cake as films, pools or lakes, 
or absorb<*d on tlie starch and proteins of the crumb; it may be at the 
' cake/air interface; or it may be distributed by a combination of all or 
some of these. A microscopic examination of the batters in this 
study showed differences in the way in which the ingredients wore 
distributed and in the number, size, and distribution of the air cells. 
However, it was not possible to clasisify these batters on the basis of 
type of emulsion or method of distribution of fat. 

Relationihip between Physical Properties of Batter and Cake Char¬ 
acteristics. An endeavor was made to find a correlation between cer¬ 
tain physical properties of the batters and characteristics of the baked 
cakes (Table III). A highly significant negative correlation was 
found between specific gravity and consistency. This might indicate 
that the amount of air incorporatetl in the batter may be an important 
factor in determining the consistency of tlic batter. In the literature, 
emphasis has been placed upon the distribution of the fat in the batter 
as the factor important in determining consistency. The amount and 
distribution of the air seems to liave been ignored. 

The only other factor tested which correlated with consistency in 
both Series I and 11 was shortness. Here a highly significant negative 
correlation was found. 

Undoubtedly the variation in specific gravity in the batter was 
dqjendent upon the amount of air incorporated in it. This ranged 
from 0.7368 to 1.0351 for the individual cakes and from 0.7S09 to 
1.0298 for different methods. Specific gravity apparently was closely 
related to physical characteristics of the cake. There was a signifi¬ 
cant n<^ative correlation between specific gravity and index to volume 
in Series I and a highly significant negative correlation in Series II. 
There was a highly significant negative correlation between specific 
gravity and compressibility and a highly significant positive correla¬ 
tion between specific gravity and shortness. Thus it would appear 
that a light wcll-acratcd batter is much more likely to produce a cake 
with desirable physical characteristics than is a. heavy one. It would 
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also seem that even though specific gravity and consistency are highly 
correlated, specific gravity is a better indication of cake quality than 
is consistency. 

The standing height of the baked cakes which was used as an 
‘‘index of volume” varied from 4.6 to 5.5 cm. Roughly this repre¬ 
sented a range from 1750 cc to 2090 cc in volume, a considerable dif¬ 
ference. The smallest cakes were made from thin batters, but in¬ 
terestingly enough the largest ones were also obtained from thin 
batters. This is not wholly in agreement with Berrigan (1937) who 
found that cake batters having a low viscosity produced cakc's of small 
volume and poor texture. As previously mentioned, ihcrc was a 
correlation between specific gravity of the batter and volume, but in 
Series I it was just significant. In Series 1 there was a highly signifi¬ 
cant correlation between “index of volume” and palalability and in 
Series II a significant one. Thus it would ai)pe<ir, as the comuK^rcial 
baker frequently asst^rts, volume is an important conskkTation to 
many consumers of bakery goods. 

Shortness, the ease with which a slice of c<ike can be broken, 
showed a highly significant correlation with specific gravity. It 
showed a highly significant negative correlation with consistency, 
with compressibility, and with palatability. Compressibility was ap¬ 
parently not as dependable a measure of quality as was shortness. 
Only in Series II was there a highly significant correlation between 
compressibility and palatability. When only eating quality was con¬ 
sidered there was a correlation with compressibility in both series, 
although it was highly significant only in Series II. Low<‘ (1943) 
has reported that the degree of compressibility varies with the methewi 
of mixing. Cakes mixc'd for a short period had a coarse, loose, porous 
texture, and were more compn^ssiblo than cakes mixed for a longer (inie. 

As already mentioned, the palatability rommittee evaluatc^d a 
number of characteristics as well as eating quality. Th(‘ corndation 
between eating quality and other factors scored by tlu‘ committee^ and 
between eating quality and total palatability .score was veiy high 
(Table III). Frequently, however, the comment was made that a 
cake which was otherwise of high quality “balled up” in the mouth. 
Hence, a cake which scored high in other characteristics might be 
marked down on eating quality because of the feel in the mouth. 

Summary 

Batters with a wide range in consistencies can be made from the 
same ingredients by varying the method of combining the ingredients. 

Consistency and specific gravity were found to be closely related, 
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but consistency vseomcd to be a less reliable indication of the quality 
of the finished cake than did specific gravity. 

Cake batters of low specific gravity tended to give cakes of good 
voliiUK^ which wen* tender and compressible. 

Veil' qui('k inc'thods of mixing gave inferior cakes, but those 
methods requiring the most time did not necessiirily give the best 
results. 

Shortness and compressibility^ showed a highly significant corre¬ 
lation, but shortness appeared to be a better index to quality of the 
cake than was ('ompressibility. 

Two phy'vsical characteristics, index-to-volume and shortness, were 
correlatcnl with the palatabiHty score. 
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STUDY OF SOME FACTORS INFLUENCING THE OXIDATION 
OF THIAMINE TO THIOCHROME 

H. A. Watson 

Food and DruR Laboratory, 

Department of National Health and Welfare, Winnipeg, Manitoba, Canada 
(Received for publication May 22, 1945) 

Various methods of carrying out the ferricyanidc oxidation of 
thiamine to thicKhrome are recorded in the literature. Jansen (1936), 
who originally suggested this reaction as a method of estimation of 
thiamine, described three procedures, one for pure thiamine, another 
for the international adsorbate, and a third for yeast extract, 'riu' 
order of addition and the concentration of his reagents vari(‘s. Ilen- 
nessy and Cerecedo (1939) used another concentration of alkali and a 
different quantity of sample, and directed that the ferric'yanide be 
added before the alkali. Harris and Wang (1941) added the reagents 
in this order, but claimed onl^’- 50% recover^' of thiamine unless 
methanol was added. The method given in Cereal iMboratory Methods 
(4th ed., 1941) published by the American AvSsociation of Oreal 
Chemists is essentially the mcthcKl of Hennessy and C'erecedo (1939), 
in which the addition of the ferricyanidc is made before that of the 
alkali. 

Nicholls, Booth, Kent-Joncs, Amos, and Ward (1942), Wang and 
Harris (1942), and Click (1944) recommend the addition of the re¬ 
agents in the reverse order, that is, the alkali before the ferricyanidc, 
Click recommending rapid addition from a pipette with large orifice. 
Pyke (1939) adds the sample to a mixture of methanol, alkali, and 
ferricyanidc, but Booth (1940) claims incomplete oxidation of the 
thiamine by this premixing of reagents. 

Conner and Straub (1941) and Merck and Ckimpany (1941) recom¬ 
mended a simultaneous addition of alkali and ferricyanidc by the use of 
a premixed reagent. This procedure was also advised by the Resi^arch 
Corporation Committee (1941) and by lloffer, Alcock, and (ieddes 
(1943). In the two latter papers mention is made that the reagent 
should be added rapidly. 

Andrews (1944) compared results of collaborative tests made by 
several of these procedures, after a canvass of 42 laboratories to deter¬ 
mine the weaknesses in the method. It was found that the concentra¬ 
tion of ferricyanidc and the order of adding ferricyanid<‘ and alkali 
had some effect upon the assay, and that it was preferable, particularly 
where a considerable excess of ferricyanidc was employed, to add the 
alkali first followed immediately by the ferricyanidc. 
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The quantities of ferricyanide recommended in these methods vary 
rather widely. C'onner and Straub (1941) found that such variations 
produced ver>" little effect on Huorescence if optimal amounts of sodium 
hydroxide W(T(‘ prc^sent, while other workers, e.g., Hoffer et aL (1943) 
record considenihle quenching of the fluorescence with increased 
amounts of ferri<'yanide. 

The clarification of isobutanol for reading in the fluorometer is 
carried out in a number of ways, but most commonly by the use of 
anhydrous sodium sulfate. Some workers specify the quantity to be 
used, but generally the amount recommended is somewhat uncertain. 
Brown, Hamm, and Harrison (1943) reported that certain samples of 
sulfate imparted fluorescence to the isobutanol and warned against 
inaccuracies from this vsourcc. 

Early experience in our laboratory with the thiochrome method 
had proved disappointing, as consistent results could not be obtained. 
Efforts to improve the replicability of the test led to a suspicion that 
the main difiicully was connected with the oxidation step and some of 
the various procedures for carrying out this step were therefore sub¬ 
mitted to a critical study. 


Experimental 

All strengths of sodium hydroxide solution used are referred to as 
percentages by weight unless otherwise stated. Details of the oxida¬ 
tion ])roce(lure« used will b(* descrilH'd later. After oxidation, 15 ml 
of isobiitanol wei\‘ added, the mixture was sh<iken for 1 minute, and 
then centrifugal. 1'he ac|ueous layer was rejcvtal and the isobutanol 
<'lear(*d with 1 ml of (dhaiiol. Its fluorescence was then read from the 
pot(intiometer scale of a Model 11 Coleman Spectrophotometer with 
mercury vapor lamp and othiT attachments. 

(Ireater fluorcwscence was invariably obtained when the sodium 
hydroxule was added before the potassium ferric>Mnide than was the 
cast* wh<*n the onler was reverstKl, yet sodium hydroxide itwself is known 
to tlestroy thiatnine. When 5 ml of neutral thiamine solution and 3 
ml of \S% sodium hydroxide solution are used, the resulting mixture 
is about 1.5 N with rosptrt to sodium hydroxide. Tests were made in 
which smaller qLUintitit‘s of 15% sodium hydroxide solution were 
added to 5 ml aliquots of standard solution containing 1 ^xg thiamine 
and I mg of fc*rricyanide. Normal fluorescence readings were obtained 
with 2 ml and 1 ml of sodium hydroxide solution, but with 2 drops of 
sodium hydroxide solution the readings were very low, and were not 
increased by the addition of 3 ml of sodium hydroxide solution a few 
secondvS after the 2 drops had been added. No increase of fluorescence 
occurred eitiier, if aft(T adding the 2 drops of sodium hydroxide 
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solution, the solution was then made slightly acid before adding 3 ml 
of the alkali. 

Buffer Experiments. To study this reduction of fluorescence more 
closely, oxidations were made at various pH levels using SbreUvsen's 
glycine buffers. Standard thiamine solution, I in 0.5 ml, was added 
to 4.5 ml buffer containing 0.9 mg of ferricyanide, followed 2 minutes 
later by 3 ml of 15% sodium hydroxide solution. Similar exposure 
was also made to the buffer alone for 2 minutes, the alkali then being 
added, followed immediately by the ferricyanide. The results are 
shown in Figure 1. 



Fig 1 Lffcct oil fluorescence of c\t>osiit<* of tiiiamiue for 2 minutes to buffer ‘•olutiom at different 
pn levels, before and after .iddition of Icmoanide. FluorcH< eiice valrn^- were obttiiiied from potenti¬ 
ometer drum, blank deducted, using C'oliMuati Model 11 Spoctiophotuinetci si^t at SO with (iuituiie sulfate 
(0.27 MS/ml). 

The general shape of the curves was conlirined in the abseiu'c^ of 
buffer by adding increasing amounts of v(»ry dilute alkfdi to the thi¬ 
amine solution and checking the pH. 

Since only a small amount of alkali is required to can*y an un¬ 
buffered solution through the pH range shown in Figure 1, the thiamine 
solution was next exposed for 2 minutes to varying amounts of 15% 
sodium hydroxide solution together with ferricyanide. At th(‘ c^iid of 
the 2 minutes, sufficient alkali was added to bring the total anioimt up 
to 3 ml and the fluorescence measured (Figure 2). 

The dotted part of the curve represents data obtained with buffers 
to give a clearer idea of the results obtained at the different levels of 
alkalinity using 0 to 3 ml sodium hydroxide solution. During an 
actual oxidation, a variable loss of fluorescence from the point marked 
A seems probable, depending on speed of addition of the alkali and 
whether the mixture is agitated or not. * 





Mar.. 1046 


11. A. WATSON 


169 



Fir. 2. «r» fluoicsroiuv »»l «*xposnrc of tliiamine for 2 minutes to incrementb of 15% sodium 

hv<Iro\ide solution, in ru(‘senc<' ot teitu'vamde. Fluorescence values fiom*druin ol ('oleman Model 11 
SiKH.'tioi>hotontetei. blank deductiHl, set at iiO usuir iiuinine suliate (0.27 jug/nil). 



Fig. 3. Kffect on fluotesceuce of exposuxe ol thiamine for varying lengths of time to different 
strengths of alkali. Comparison with effe<‘t using buffer at pH 12 with ferrlcyanide. nuoreat^ce 
values from drum, Coleman Model 11 instrument, blank deducterl. set at 80 with dulnlnc (0.27 A>g/n)l), 
are plotted on a log. scale. 


C'urve 1. 
Curve 2. 
Curve 3. 
Curve 4, 


3 ml 15% NaOlI by wt. 

3 ml 30% NaOn bv wt. 

1 drop 0.1 N" NaOII 

Alkolmc^ buffer (pU 12) and ferricyunlde. 


Room temp. 2S®C.> 
Room temp. 21.S®C.* 
Room temp, 23‘*C.» 
Room temp. 23°C. 


^ Room temiMTature differed somewhat for each curve, but the order of the curves and the sharp 
drop ol curve 3 was confirme<i by repeating certain points on each curve at a common lemperatuie. 
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Effect on Fluorescence of Exposure of Thiamine to Alkali of Different 
Strengths, for Varying Lengths of Time. 'Fho wsiniilarity of Iho rurvos 
in Figure 1 shows that mild alkali alone has much tin* same elTirl on 
iluorcscciice as when mild alkali aiul ferricyanide are used, d'o study 
these effects, three s<Ties of experiineiils w(Te (\UTi(Hl out at room 
temperature. In two of these, 5 ml of thiamine solution (pi I about 6) 
were exposed to 3 ml of 30% and 3 ml of 15%, sodium hydroxide solu¬ 
tion respectively for various time intervals up to 10 minutes, and 
ferricyanide was then added. In the third series, veiy weak alkali 
was used, 1 drop of 0.1 N sodium hydroxide solution acted on 5 ml of 
thiamine solution for the time stated, after which 3 ml of 15% sodium 
hydroxide solution was added, followed rapidly 1)\^ tlu^ ferricyanide. 
The results are shown in Curves 1, 2, and 3 of Figure 3. 

Action of the very weak alkali (C\ir\T 3) is more ra|)id than that 
of the 15% or the 30%,, the tluorescence falling lU'arly to zero in 5 
minutes. Of the stronger solutions, the 30'^{, alkali ((\irv(‘ 2) acted 
more rapidly than the 15% alkali (Curve 1). Tdie order of thesi^ 
curves indicates that in weak alkali, action may proc(H‘d along a differ¬ 
ent path from that in the strong alkali. 'Pests were made to see if 
thiamine was actually destroyed when acted on by weak alkali. After 
allowing thiamine solution to be acted upon by 1 drop of 0.1 N alkali 
for 5 minutes (corresponding to the lowest i)oint on Curve 3), 2 drops 
of 0.1 acid were then allowed to act for the same length of time, 
before adding 3 ml of 15% alkali and ferricyanide. Almost all of tlu» 
lost fluorescence was restored. In contrast, in the earlier ex])(Tinient 
in which ferricyanide was present during tlu‘ mild alkaline treatment, 
no reversibility was obtained aftcT acidifying. 

Curve 4, Figure 3, is inserted to show how much more rapid is tin* 
effect produced when ferricyanide and mild alkali both act together. 
Thiamine added to a niixtun^ of ferricyanide and buff(‘r of pi I 12 for 
only 10 seconds l)efore addition of 3 ml of 15%, alkali rc%sult(‘d in a 
striking loss of fluorescenci* which remaiiu^d the s«im(‘ wlum r(‘p(‘ati‘d 
at 20- and 60-sccond intervals. 

Comparison of Fluorescence Obtained by Commonly Used Methods. 
The three methods of oxidation commonly in use, one in which the 
ferricyanide is added before the alkali (Method 1), a second in which 
the order is reversed (Method 2), and a third in which these reagents 
are premixed before making the addition (Method 3), were compared 
using S ml of thiamine solution containing approximately 1 jug, 3 ml of 
15% sodium hydroxide solution, and an oxidation interval of 30 
seconds. The manner of making the additions was varied by pouring 
both slowly and rapidly with and without agitation. 
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A fourth method (Method 4<i) based on the experiments reported 
in this pa])er was also (^xamiiKKl. In this method the thiamine solution 
was added to the r(‘ac»ents, rather than adding the reagents to the 
sample. Hie fn\shly made, mixed n^agent was kept well agitated dur¬ 
ing the a<lditi()n from a pijiette (draining in about 15 seconds) of the 5 
ml of thiamine solution. hVom this ])oint, the procedure was the same 
as for ihe others. 

A slight moditieation of this ])rocedure (Method 4b) was introduced 
by pouring the thiamin(‘ solution into the alkali, instead of into a 
mixture of alkiili and ferricyanide, the oxidation then being carried 
out by the addition of the ferricyanwle immediately after. These 
results are summarized in 'fable 1. 


FARLK I 

('oMPXRisoN oi< FruoRKscKNcr!. Obtained upon Oxidation 
OK Thiamine by Various Methods 
(Level of alkalinity is ml of 15% sodium hydroxide) 


M.uuum oi (iddihon 

KcMgvnt into ihiatninc 

Molliod * 

Thiamine into reagent 

Method 4 * 

1 1 

2 

i 

a 

b 



Kluorcfacence * 



Slow, with shaking 

55.0 

60.0 

56.0 

64.0 

61.5 

Slow, without shaking 

47.5 

61.0 

57.5 

64.0 

61.5 

Fast, with shaking 

54.0 

61.0 

60.0 

62.0 

60.0 

Fast, without .shaking 

57.5 

61.5 

62.5 

63.5 

60.5 

Moan 

48.5 

60.<) 

59.0 

63.4 

60.9 


I Mcthorl I. 1mm lu .uMhI Minplo boBiir alkali. M<*tluKl 2. Alkali added lirot, fol¬ 
lowed by t<Mii(‘v>iiU(l<>. MoUiod.l. Mi\(‘d IaddiM^l lo sample. Method 4. (a) Sample poured 

into mixiMl nMf.nd. (b) Sample iwimed int«> alkali, lollovinMl by ienieyaaide. 

Fluoirrfeiu e value i olUameil lium iiotentiometer duim, blank diHlueted, using Coleman Model 
11 SiM*rti<»photomelei -.<*1 at 80 with (piiiune sull.de (0.27 Mg/»dl)* 


Adding the harievanuh* before the alkali (Method t) gave low and 
variable results. Hy nwersing the order (Method 2), higher and more 
uniform r<\sults wen* ohtainiHl, whereavS the mixed reagents (Method 3) 
gave internuHliate values. Method 4a gave the highest fluorescence 
with small variability', while Method 4b showed results similar to those 
of Method 2. 

Since the amount and strength of alkali, namely 3 ml of a 15% 
solution, ar(‘ so commonly used, it might be supposed that this quantity 
prodiu'es maximum fluorescence. Tests indicated, however, that this 
was not the case. Iksing procedure 4a, 5 ml aliquots of thiamine solu- 
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tion were poured into 3 nil of alkali of higher strengths, but containing 
the same amount (I nig) of forricyauidc'. The following rcsiills were 
obtained. 

Soduiin hidroMdo % by %\t Muoiostciuo .is (appiox ) 

15 100 

30 114 

36 118 

42 118 

48 118 

Three ml of 36% by weight sodium hydroxide solution gave a 
maximum value. 

Effect of Varying the Amount of Ferricyanide, A brief study was 
made of the effect on fluorescence of using differing amounts of ferri- 
cyanide. Several series of tests using 1 ^g of thiamine in 5 ml of solu¬ 
tion were carried out using <lifferent methods of oxidation with th<' 
results shown in 'liable 11. 


rABLK 1! 

Effect on Fluorescence of Varyinc. Amounis (^f FhRRicYANinr 


FIn(MC*K:enc<* as i>etcoutage of maximum 


Ferricyanide added 

Method 3 

Method ta i 

Metliod 4b 

mg 




0.1 

100 

100 

100 

0.3 

94 

— 

- 

0.5 

92 

- 

too 

1.0 

87.5 

100 

100 

2.0 

82 

100 

100 

3.0 

- - 

100 

08 

4.0 

— 

97.5 

05 

5.0 

70.5 


0? 

8.0 


04.5 


lO.O 

60 

- 

00.5 

133 % alkali used; 

othei methods 15%. 




The most dcsirablo method to use* in iissiiys whore extrjmcouH 
oxidizablc material may be present is one pormittiiij^ cousiderabk' 
latitude in the amount of ferricyanide added withont ulTecting fluor¬ 
escence. On this basis Method 4a using 33% alkali, or Metliod 4b 
using 15% alkali, gives satisfactory results. 

Fluorescence Attributable to Anhydrous Sodium Sulfate. Early in 
the course of these studies erratic results were occasionally obtained, 
and this difficulty was traced to the presence of fluorescent material in 
the sodium sulfate. A study of this aspect of the method was there¬ 
fore made. 

Four lots of one brand, together with two other brands, all well 
known and of analytical grade, were examined. Tests were made by 
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shakinc^ with the* isobutanol separated from alkali and water as in the 
usual blank test. Fluorc\scence was measured after centrifufting to 
remove «iu> liny cTvstals stated in Merck and C^ompany\s method 
(1941) to (‘iihtincx* lluon‘scence. I'wo strengths of quinine were used 
to obt<iin instrument settings corresponding to those employed when 
measuring 0.5 an<l l.O gg of thiamine. One lot of brand number 1 
giving th(‘ higlu'st re<iding was tested again after extraction with 
isobutanol aiul ether. I'he results obtained are shown in Table III, 
blank readings on the isobutanol being deducted in each case. 

TABLE III 


Varimion <)I 

Im uor! scj NCI* Obtained 

PROM DiFFLRINI 

Supplies of 


\niiyuroiis Sodium Sulf.vte 




Fluorescence ' 

Br.uul No 

U>t No 

0 S Aig setting 

1.0 MS setting 

1 

U) 

17.5 

9.7 


U)' 

5.5 

3.0 


(!>} 

6.5 

3.5 


( 0 ) 

6.0 

3.2 

2 


13.5 

7.3 

3 


8.0 

4.3 

1_ 

(fl)* 

4 . 0 - 8.6 

2 . 4 - 5.2 


1 K\tract<*d with isobutanol and ether 

• riHb lot number cxaminetl at } and i r levels. All others at 3 g. 

* Fluoi cst cm e units trom potentloinetei drum of Coleman Number 11 Spcctropluitomcter, blank 
deducU'tl. s<‘t at 80 with (juinme ol two stiengths (0 13 mr/uiI and 0.27 iig/ml). 

Wide vari.Uioiih wore oht.iini'd in the blank values with the different 
lots of sodium sulfate. Part of this variation may he due to differences 
in the (tnal pll of the isohntnnol if varying amounts of water and 
alkali are e\tr.>('ted hy (lilTerent hramls of snlfate, since Wokes, Organ, 
Still, and Jacoby (104+) showed that, with thiochrome at any rate, 
fluorescence varies with the pll of the isf)hutanol. Most of the varia¬ 
tion must ht‘ due to lluoresc'ent material present as impurity, since the 
cxlract<‘(l m.'iterial is much lower than the unoxtracted. 

Discussion 

'I'hc comparison of t he metho<ls commonly in use for carrying out 
the oxidation of thiamine to thiochrome shows that when ferricyanide 
is added first to the sample, and then followed by alkali, low and tm- 
certain results are obtained. If the alkali is adtled very slowly, a much 
lower result is obtained titan if it is added rapidly. Even if alkali is 
added first, some lowering of fluorescence is produced if it is added 
slowly. Apparently a side-reaction takes place, the extent of which is 
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influenced by the rapidity with which (he reagents are added. Where 
alkali alone acts, this side-reaction is revcTsible, and it seems possible 
that it is related in some way (o the reversible change noU‘d by Wil- 
Uamsand Ruchle (1935) when titrating thiamine electrometricnlly with 
sodium hydroxide. At a certain point wIumv peculiar b(‘havior was 
observed, it was bcluwed that some moh'cular rearrangement took 
place. When fcrricyanide is added first, the side-reaction is very rapid, 
and it is no longer reversible. 

The studies on the action of alkali during the course of t he oxidation, 
involving the use of buflfers and iillowing the alkali to act for varying 
periods of time, show that a zone of low alkalinity coiiundes with a zone 
of low fluorescence and that this is mon' marked when f(‘rricyanide 
acts at the same time* as ihc' alkali. 

Because dilute^ alkali alone has no permanent (‘fTect on thiamine, as 
indicated by the fact that tnxitmcnt with acid restor(‘s fluorescence, it 
has been suggested that the action of the ferricyanid(‘ may pro<'eed 
along two jiaths, one in mild alkali, producing non fluorescent, irrt'vers- 
ible compounds, the other in strong alkali favoring oiitimum production 
of thiochronie. This would explain adcxiuately those cases where 
ferricyanide is present during the action. Since the r<i])id loss of 
fluorescence by action of weak alkali reported in Figure 3, (hirve 3, was 
obtained with an oxidation ])roccdure at high alkalinity, it would seem 
that whatever changes had been produced in the thiamine by the weak 
alkali must still have persisted after being made strongly alkaline, A 
slow reversion of the thiamine to its former condition may take place. 
In discussing these observations with Williams,’ the author’s attention 
was called to a paper by Zima and Williams (1940) showing formulas 
for the free base (2), a carbinol form (3), and the sodium salt (4). As¬ 
suming that the thiochronie is formed by oxidation of the fri‘(‘ base 
rather than the carbinol, tht‘ data givcm suggest that weak alkali favors 
rearrangement to carbinol, while strong alkali re])resses it. Suiijires- 
sion of thiochronie formation by still stronger alkali might be due to 
predominance of the sodium salt. Whatever the explanation, it is 
necessary during oxidation to avoid conditions favoring low alkalinity. 
When alkali is added to the sample or to the sample containing ferri- 
cyanidc, as is done at present by many workers, the first few dro])s 
produce such conditions. Rapid addition will, of course, reduce them 
to a minimum, but standarclization between laboratories may present 
difficulties. 

The obvious way to overcome the difficulty is to pour the sample 
slowly with agitation into the alkali or mixture of alkali and ferri- 


1 Williams, R. R., Bell Telephone Laboratories, Murray Ilrll, New Jerbcy, private wmmunication. 
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cyaiiule. By this means, the alkalinity is maintained at a high level 
throughout the addition, and the side-reaction is either i)reventcd or 
held to a minimum. T'he Uvse of still stronger alkali than 15% wavS 
found to 1)(‘ even nion^ eflicient in preventing this reaction. 

T\) secure maxinuim lluorescence, the concentration of the alkali 
at the l)(‘ginning and during the addition of sample is more important 
t han the actual cpiantity of alkali. A study of the data of (Conner and 
Straub (1941), and of our own results where maximum lluorescence was 
obtained, seems to indicate that to secure maximum fluorescence, an 
initial concentration of about 33% (45% by volume) of alkali and a 
final one of not less than about 11 or 12% arc necessary. These condi¬ 
tions are met for a 5-ml assay sample by using 2 or preferably 3 ml of 
33% sodium h^'droxkk^ solution. In their sodium hydroxide study, 
C'onner and Straub (1941) added 1 ml thiamine solution to 1 ml of 45% 
by volume sodium hydroxide containing the ferricyanide, and only 
after oxidation was this dilut<‘d to 5 ml. These conditions were satis¬ 
factory for i)roduction of maxinuim lluorescence and meet the minimal 
valiu's given above. In an actual assay, however, their order of 
addition is reviTsed, the concentrations are changed, and the conditions 
are no longer such as would necessiirily give maximum values. 

lixperiments in which the quantit>^ of ferricyanide was varied 
showcxl that the proposed metluKl of pouring the sample into the re¬ 
agent gave vSiitisfactory results, a variation in amount from 0.1 mg to 
about 3 mg resulting in almost no lowering from the maximum fluores¬ 
cence. ICven with 8 or 10 mg of ferricyanide, the fluorescence de¬ 
creased only a few perccuit. 'fhe results obtained when 33% alkali was 
used wer(‘ bc^tter than those with 15%, the total drop in fluorescence, 
even with 8 mg being only about 5%. 

Whil(‘ tlu‘ us(‘ of alkali of the higher strengths has given satisfactory 
results on pnrc‘ thiamine solutions juid eluatOwS, work on extracts ob- 
taiiuKl by slu>rt(*n(‘d ])n)ce<lur<\s such as that of IIolTcr et al. (1943) may 
not giv(‘ siu*h favorable n\suUs. ICxperiments with various assay 
materials art* nt*c(*ssary to ascertain the gent*ral utility of such a 
inodilication in proeedun*. 

The variable blanks obtained with different lots of anhydrous 
sodium sulfate confirm the findings of Brown et al, (1943) that this 
nuit(*rial is not necessarily free from lluorescence. The author has 
discontinued its use, and prefers to add I ml of ethanol to tlie isobutanol 
for clearing purposes. Recovery of purified isobutanol for further luse 
is easily made by distillation after giving two or three acid washings 
to remove ethanol. 
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Summary 

When thiamine is oxidized to thiochronie by the ('oninionly used 
methods, a loss of fluorescence occurs. The loss is nuniinized by adil- 
ing the cluale slowly with agitation to a mixture of ferricyanide and 
33% (45% by volume) sodium hydroxi<le solution. With this proce¬ 
dure the quantity of ferricyanide can be varied ov(t a wide range 
without affecting the results. 

Certain lots of anhydrous sodium sulfate, commonly used for clear¬ 
ing isobutanol extracts, contain fluorescent material and the use of 
ethanol is recommended in its place. 
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THE PHOSPHORYLASE OF WAXY MAIZE ‘ 

[.AURA Bi.iss ® and Nbllie M. Naylor 
ni'partnient of Chc*mistry, Iowa Stale College, Ames, Iowa 

(Rc( oivod toi publication August 21, 1944) 

'fho <Mi/ynu‘ phosphory'Lusc which catalyzes the reversible reaction, 

starch + inorganic ])hosphate gliicose-l-phosphate, 

is a part of a complex system of enzymes which has to do with carbo¬ 
hydrate nudabolism through ]>hosphorylation. The mechanism form¬ 
ulated by Meyerhof (1935, 1941) is in part as follows: 

glycogen, stari'h d-glucose 

H-IIaPOt it (phosphorylase) •+-H3PO4 it (hexokinasc) 

gliK'ose-l-phosphate ^JIZIIIZZZZl glucosc-6-phosphate 
(C'ori ester) (Robison ester) 

it (isomerase) 
f rue tosc-6-phosphate 
(Neuberg ester) 

+H3PO4 it 

fructose-1, 6-diphosphatc 
(Harden-Young ester) 

A study of this metdianism reveals the difficulties involved in at¬ 
tempting to isolate for study the one reaction of starch to glucose-1- 
phosphate. 

The relationship among the principal reactions that may take place 
when glucose-l-phospliatc is present in the enzyme system or when it is 

’ Journal Paper No. J1228 of the Iowa Agricultural Experiment Station, Ames, lo^, Prwe^ No. 
700; snpiMrted in p<».rl by a gt«int Irom the Rcicnco Research Institute funds of Iowa State College. 

»Present address: Rimdolph-Maoon Woman’s College, Lyndiburg, Virginia. 
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formed through the breakdown of starch by phosphorylase (Hanes, 
1940a) is shown as follows: 

(1) Glucosc-1-phosphate is transforiiK'd ])rogressively, by the en¬ 
zymes indicated, to reducing hexoso-6“i)hovsphates (shown by vSuther- 
land, Colowick, and Cori, 1941, to be nwersibl(‘) with a rc'sultanl <le- 
crease in inorganic phosphate. 

(2) Glucose-1-phosphate is transformed by phosphorylase into a 
polysaccharide and inorganic phosphaLe is liberated; the reaction may 
be catalyzed by the presence of a trac'e of starch. 

(3) The polysaccharide formed (as in 2) is hydrolyzed by amylavSe 
(if present in the system) and thus the equilibrium may be shifted to 
the left. 

(4) Hexose-6-phosphate (as in 1) is transformed into hexose-diphos- 
phate by the appropriate enz^mies with a consequent decrease in 
inorganic phosphate. 

(5) When the concentration of glucose-l-i)hosphate falls to a cer¬ 
tain level, reaction 2 ceases; further reduction of glucose-1-phosphate 
(by continuance of reaction 1) causes the reversal of reaction 2 and thus 
brings about the reconversion of the polysaccharide into glucose- 
phosphate. 

It is possible to vary the conditions of the reactions and the pre¬ 
liminary treatments of the extract and thus to alter the relative veloci¬ 
ties of these different reactions. Hanes (1940b) showed that at pH 8.0 
to 8.5 reaction 1 proceeded very rapidly at the expense of reaction 2, 
which became negligibly small. The opposite effect—speeding up of 
reaction 2 and slowing down of reaction 1—was noted at pi I 6.4. 

Hanes (1940a), using potato extracts, studied the effect of pH and of 
the concentrations of the three reactants (starch, gliK'ose-l-phobphale, 
and inorganic phosphate) iii)on the nwersibility of tlu‘ n'ai’tions: 

starch + inorganic phosphate glucose-1-])h()sphat(‘ 

He concluded (1) that the final equilibrium stale is dependent upon the 
pH of the digest; and (2) that the final equilibrium stale Is indeiKuukMit 
of the concentrations of the reacUints or the enzymes. 

Hanes (1940) made purifie<l pliosphorylase preparations from pen 
seeds and showed that the enzyme acts on a variety of substrates; for 
example, saccharides composed of glucopyranos(‘ units linked in posi¬ 
tions 1 and 4 (as in maltose), regardless of chain length and whether in 
colloidal aggregation or In free form terminated by reducing groups. 
Hanes concluded that the action of phosphorylase on starch and dex- 
trins consisted of an endwise attack at the nonaldehydic end of the 
chain structure, with the liberation of individual glucose units in the 
form of gIucose-1-phosphaLe. Hanes also reported a method for the 
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preparation of glucose-1-phosi)hato in good yield from starch, through 
the action of a partially purified phosi^horylase from potatoes. 

Cori, ("ori, and vSchmidt (1939) studied the polysaccharides synthe¬ 
sized llirough ])h<)splior>'I<ise by the reaction; 

glncose-1-phosphate starch + inorganic phosiihate 

They reported tluit the i)ol>s<iecharide formed by phosphorylase from 
brain, heart, liver, and yeast gave a brown color with iodine and resem¬ 
bled glycogen, whereas the enzyme from mihscle extract synthesized a 
polysaccharide that gave a blue t'olor with iodine and resembled starch. 
Hanes (1940a) also rei)orted a Idiic-staining polysaccharide synthesized 
by potato phosphor\ lase. 

The studies on phosidiorylase by Hanes (1940a), Cori, Colowick, 
and Cori (1938, 1938<i, 1939), (^ori, Schmidt, and Cori (1939), Cori and 
Cori (1943), and (ir(‘en and Stumpf (1942) showed the presence of 
phosphorylas(‘ in <i wide variety of animal and vegetable tissues, and 
indicat('d I hat a fiirtluM- study of the problem might reveal a correlation 
between the nature^ of the enzyme action in a i)lant tissue and the type 
of star(‘h syiithevsi/ed (am>'lose or amylopectin). Experiments indicate 
that waxy st<irches are amyloiiectin (Bates, 1943), and thus it is of 
interest to study the enzyme system of waxy maize. The experiments 
were ]ilanned (1) to obtain some estimate of the role of phosphorylase in 
the development of the waxy maize kernel, and (2) to prepare a phos¬ 
phorylase enzyme concent rate from waxy maize, and (3) to study the 
polysiiccharide formed by the action of waxy maize phosphorylase with 
glucose-1 -phos])hat e. 

Experimental Methods and Results 

Phosphorus Determinations. By making use of the equilibrium 
equation, starch + ittorganic phos])hate <=i glucose-1-phosphate, the 
adivity of tlu^ enzyme acting upon starch or gliicose-1-phosphate was 
d<‘tc‘rmiiied by nuMsuring t luMUxTease in inorganic phosi>honis as shown 
by the forward <lir(‘<'li()ii of the reaction in which starch is the substrate, 
or the in('reas(‘ in phosphorus as indicated by the reverse rc‘action, in 
which glu<x)se-l-i)h<)sph<ite is the substrate. Cori, Colowick, and Cori 
(1938) showc‘(l that the determination of inorganic phosphorus fe justi¬ 
fied ius a pnx'edure for measuring the formation or breakdown of 
glucose-l-i)liospluit(', although the method rcix)rted by Hanes (1940) 
was follow<xI ill many ex]XTiments in whic'h the free, or inorganic, 
phosphorus was c'ompared with the hydrolyzed or 7-minute phosphorus 
determinations, repr(\s<‘nting total free + estcr-i)liosphonis. 

In all tests, the following procedure was used: An aliquot was re 7 
move<l from the enzymic digest and adde<l to 5 ml of 10% trichloracetic 
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acid (to precipitate the protein). Centrifugation cleared the mixture 
and an aliquot of the centrifugate was used. 'Po this samj^le were 
added S ml of acidic amnioniiun molybdate, 2 ml of l-<imiiio-2-ndph- 
thol-4-sulfonic acid, and water to 50 ml volume, A blue color devel¬ 
oped which was read exa<'tly 20 minutCvS after adding the reducing 
agent. The method was adapted from those described by Fiske and 
Subbarow (1925) ami by King (1932). The reading was made by 
means of a photoelectric colorimeter, and translated to milligrams of 
phosphorus by means of a calibration curve. (Corning Glass filters, 
No. 246 Red, 4 mm were used. These transmit light in the region of 
600 to 650 m/i.) 

Activity of the Enzyme during the Growth of Waxy Maize. I'or these 
studies, the waxy maize was collected from the field and ground to a 
pul]) (or flour). Distilled water equal to the weight of ('orn was added 
and the mixture held at icebox temperature (approxim<itel\' 5®C') for 
18 hours. (A small amount of thymol was added to retard tlie aidion 
of microorganisms.) 'Fhe solid matter was discarded and the licpiid 
enzyme extract cleared b>' centrifugation. To remove the reinainijig 
inactive material (protein and starch) the enzyme ext raid was heated 
rapidly to 50®C and kept at that temperature for 5 minutes and centri¬ 
fuged. Ammonium sulfate precipitates were made by the following 
procedure: 20 g of ammonium sulfate per 100 ml of extract was added 
while the solution was still warm, and the precipitate was centrifuged 
off and discarded; from the centrifugate, another fractional prec'ipita- 
tion with 16 g of ammonium sulfate ])er 100 ml of extract yiekied active 
enzyme. 

The enzyme precui)itate was suspeiuled in citratt‘ buffer and used in 
digestion mixtures with ghicose-l-phosphat(‘ (Cori, C olowick, and C\)ri, 
1937) as a substrate. Ac^'ording to the nu^thod of (iroen and Stiimpf 
(1942) the activity units were determined as the amount of enzyme 
which catab'zes the liberation of 0.1 mg of inorganic ])hosi)ha(e from 
glucose-l-phosphate in 3 minut(‘s at 38®C and pH 6.0. 

Tests for enzyme activity were made u])on sjimples of waxy maize 
collected at short intervals (1 week to 10 days) during the season of 
development of the corn kernel. The <lata from these experiments are 
reported in Table 1. C'aknilated on the basis of t he units of phosphory- 
lase per gram of dry corn, the activity varied from 5.09 to 0.28 units 
during the period from two weeks after pollination to maturity. The 
trend is the same if the data arc reported on the basis of the units of 
phosphorylase per gram of waxy maize as collected from the field; on 
the latter basis the data show a variation of .85 to .26 units over the 
same period. Although enzyme concentrates of considerable activity 



Mar 


LAURA BLISS AND NELLI K M NAYLOR 


181 


TABLE I 

PiiosprioRvi Asi \ciivirY in Waxy Maize ai Difitrint Srvors oi GROwrn 


l)i\. iltei 

Moist iiu 

Pliosphoivlasc units pci Riam 

polhu itum 

tOiiluiL 

IS colloctccl 

dry weight 

16 

< 

83.2 

0.85 

5.09 

2^ 

68.5 

0 37 

1.16 

^0 

51.5 

0.45 

0.95 

40 

42.9 

0.39 

0.70 

51 

35.0 

0.48 

0.74 

Mature corn 

6.1 

0.26 

0.28 


WAXY MAIZE 

Extract with H 2 O (10®C) 


Enzyme extract activity « 14.1 units 

Add (NIDsSOt to 0.39% saturation 
centrifuge 


ENZYME PRECIPITATE I 
Dissolve in O.IM citrate bui^er 




ENTRIFUGATE DISCARDED 


Enzyme solution of predpitate I 


ENZYME PRECIPITATE U 
DISCARDED 


Add (NH 4 ) 2 SOi to 0.28% saturation 
centrifuge 


CENTRIFUGATE 

Add (NHi)»S 04 to 0.39% saturation 
centrifuge 


ENZYME PRECIPITATE 
Dissolve in 0.1 M citrate buffer 


1 'I 


ENTRIFUGATE DISCARDED 


Enzyme solution of precipitate HI Activity 9.5 units 


Add (NH 4 ) 2 S 04 to 0.34% saturation 
centrifuge 


ENZYME PRECIPITATE IV 

Dissolve in O.IM citrate buffer 


bENTRIFUGATE DISCARDED 


Enzyme solution of precipitate IV Activity 7.5 units 

Fig. 1. A Aow 8lu*et nhowing atepH lu nuking on/yine coiicontiatt^ 
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could be obtained from corn during ihc later stages of growth, the data 
show a decrease in phosphorylasc activity as thc^ maize kenu^l develops. 

Concentration of the Enzyme. A study was made of the methods for 
conccntration of phosphorylasc by dial 3 \sis, pnM'ii)itation, and adsorp¬ 
tion as used by (''ori and co-workens (1938, 1938a, 1939), I fanes (1940), 
and Green and Stumpf (1942). x\ji adaptation of thewse methods was 
used for the i)reparatioa of phosphorylasc concentrates from waxy 
maize. Dialysis of the extract against distilled water was found to aid 
in forming protein i>recipitates which may l)e taken out, and to remove 
the inorganic phosphate originally present in the extract. 

Figure 1 shows the procedure and the data obtained in making a 
phosphorylasc enzyme concentrate. During the ])reci])itation of the 
enzyme, it was necessiiry lo work quickly and continuously, since there 
was deterioration of the enzyme if held for a ])eriod in the presence of 
ammonium sulfate. The results show that fractional precipitation 
with ammonium sulfate accomplishes a separation of inactive from 
active material, alwa>^s retaining a high ]>ercentage of the (jrigiual a('- 
tivity as measuretl in phos]>horylase units (Cin^en and Stum]>f, 1942). 
Starting with an extract containing 14.1 units p(T 100 ml, the How sheet 
indicates precipitation of enzyme at 0.390^ saturation of ammonium 
sulfate, dissolving the preci])itate in 25 ml of citrate buffer, and another 
fractional precipitation with ammonium sulfate in which inactive mate¬ 
rial is removed in precipitate II and the ammonium sulfate concentra¬ 
tion increavsed again to 0.39% saturation to make ])re<npitate III. 
When precipitate JII is redissolved in 25 ml of citrate buffer, tlie clks- 
persion shows 9.5 phosphorylasc units, which finding indurates that 
67.4% of the original enzyme activity is ]>resent in this dis]XTsion. 
From this enzyme dispersion, a liner fractionation was made at 0.34% 
ammonium vsulfate to give a final precipitate whk'h, dissolved in 10 ml 
of buffer, (X)ntained 7.5 phosphorylasc units, dlie final clisiiension thus 
hold about 53% of the original activity. Many e-x]>eriinents of this 
nature yielded corresponding results, an<l the disjiersions w<‘r(‘ us(‘<l in 
the experiments which follow. 

A Study of the Polysaccharide Formed by the Action of PhosphoryUise 
upon Glucose-l-Phosphate. An investigation of the ])o!yvS<icchari<l(‘ 
synthesized by the action of waxy maize phosphorylasc was undertaken 
to determine the nature of the synthetic product, and thus to compare 
it with the natural starch from the same source. Bates, French, and 
Rundle (1943) found that a potentiometric iodine titration yielded 
information regarding the structure of the polysaccharide. By such 
a titration, Bates et aL could estimate the proportion of each of the two 
starch fractions, amylose and amylopectin, present in the sample. 
When amylose or straight chain material was titrated, an iodine com- 
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plex was formed and the iodine activity remained about the same until 
the complex formation was completed (c^ivim? a straij?hl line portion to 
the titiMlion curve); thcMi the potential began to rise sharply. In con¬ 
trast, <im\ lop(*ctiii sIiowchI a vsteady increase in potential throughout the 
titnition. 

This ((‘<'lini(|iic^ was <i])plied to the analysis of the small amounts of 
synthetic i)olvs,K'ch<iride formed in digests containing the waxy maize 
phosphorylase, digests were made up to contain the potassium 

salt of glucose-l-]:)lu)sphate, a catalytic amount of soluble starch, ci¬ 
trate butTer, and the enzyme concentrate of waxy maize. (A blank 
determination on the catalytic amount of starch was made.) Diges¬ 
tion was carried out <U 38®C for one-half hour. At the end of this 
period, the digestion w<is stO])pcd by the addition of 0.5 N potassium 
hydroxide, made up to 0.05 AT with respect to potassium iodide, diluted 
to 100 ml, <md titnit(‘d ])otentiometrically. The rcvsults of two experi¬ 
ments (Digests \ <ni(I B) <u*e shown in Figure 2, together with the 



Kir 2 Fodiiw' titiatioii tuivc» ol soluble stiiich control, and of en/yme DiRcsts \ and B. 


curve for the soluble starch used as a catalyst. The soluble starch 
contains no amylose as the curve is like that of amylopectin. The 
digestion cnirves are of a different nature and resemble those of a 
straight chain material which binds iodine. The high potential of the 
curve indicates the fonnation of material of short-chain length. 

In anotluT expt‘riment (Digest D), the enzyme dispersion was pre- 
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pared as previously described except that the original extract was 
dialyzed for 23 hours at 5°C (icebox teni])crature) against 0.2 il/potavS- 
siuin chloride, as an additional means of purification. After dialysis, 
the phosphor^dasc was fractionally precipitated with ammonium 
sulfate. 

This digest contained the phosphoiydase which was pa^diiitated at 
0.28 to 0.39% saturation with ammonium sulfate, from 750 ml of ex¬ 
tract; it was made up to a volume of 25 ml, to which was added 0.2 ml 
starch, 1 ml of 0.1 M potassium salt of glucose-1-phosphate, 3.8 ml of 
0.1 M citrate buffer (making a volume of 30 ml). Digestion was car¬ 
ried out at room temperature. Aliquots for the determination of free- 
phosphorus, free-+ ester-phosphorus, and for iodine titration, were 
removed after 1.5 minutes, after 12 hours, and after 24 hours. The 
iodine titration curves are shown in Figure 3 together with that for 
soluble starch and a titration curve for 0.05 A"potassium iodide solution. 



Fia;. 3, Iodine titration curve of soluble starch control and of KI. together with curves for thrw time* 

interval aliquots of Digest D. 


The phosphorus analyses showed an increase in inorganic phospho¬ 
rus which corresponds to the synthesis of 14.3 mg of polysaccharide in 
the entire time of digestion- In the aliquots tested, at different time 
intervals, the following amounts of polysaccharide were indicated: 

0. 1.5 minutes. 0.32 mg 

0. 12 hours. 1.66 mg 

0. 24 hours. 2.38 mg 









Mar, 1046 


LAURA BLISS AND NELLIE M. NAYLOR 


185 


The rosults of (ho iodine titration of the aliquots removed at differ¬ 
ent time intcTvals (('urves 1, 2, and 3, Figure 3) seem to indicate that 
up to 12 hours dii»(\s1ion at room temperature, straight chain iodine¬ 
binding material was formed, while a change in the character of the 
starch wUvS a]>parent in the period from 12 to 24 hours, at which time 
the curve is of the nature of amylopectin. 

1'h(\so <lata are inter])retc<I to indicate that the phosphorylase of 
waxy maiz(‘ ai'ling upon glucose-l-phosphate as a substrate liberates 
inorganic phos])honis with the synthesis of products of a starch-like 
nature, as indicatiHl by the iodine-titration method. 

Summary 

Wax^’ mai/(‘ collected from the field during growth from 16 days 
after ])olliiiation to maturity was tested by precipitation of the enz3nne 
from extra(‘ls and dedermination of the phosphorylase units present. 
Data for llu‘ 1942 corn showed a considerable activity of phosphorylase 
in the earli<\st corn t(‘st(Hl. Phosphorylase precipitates were obtained 
from corn at later stagers of growth, and these showed decreasing 
activity up to maturity. 

The techniciues reported in the literature for the purification and 
concentration of t he en/yme were tested to determine the method which 
would be most tulaptable to the preparation of phosphorylase from 
waxy maize. Fractional precipitation with ammonium sulfate at con- 
centratioius between 0.28 and 0.34% of saturation yielded the most 
active precipitate. 

Dig(ists containing glucose-l-phosphate and phosphorylase of waxy 
nuiize wen* l(*sted for phosphorus content, and by the iodine titration 
method, d'he data indicat(*(1 the liberation of phosphorus with consc- 
qiUMil formation of iodini*-bin<ling material of a starch-like nature. 
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SOME EFFECTS OF CABINET FERMENTATION ON 
SPONGE TEMPERATURES AND DOUGH 
AND BREAD CHARACTERISTICS 

Floyd Schoonover, Jacob Frkilich, and Sutton Redficrn 

The Flcischmann T-aboralories, Standanl Brands Incorporated, New \’’ork, N. Y. 

(Received Un publication July 23,1015) 

Th<; use of cabinet formonlation has oxcital a ^r(‘at deal of int<M*<\sl 
among bakers and coroal cIkmiusIs in roctml y(‘ars. Sonu' have c'on- 
tonclcxl that great btinofit is d<Tiv<»d from the use of cabinets, within 
which the troughs containing the* sfionges are allowed to vStand during 
sponge fennentation. Others have just <is vigorously argued that the 
use of cabinets produces no significant changes in the sponge or in 
the resulting bread. 

It has been our purpose to study cabinet fermentation in order to 
determine whether it is effective under bake shop conditions, and if so, 
to what extent. With this end in view, sponges were fermented in 
cabinets and in open troughs under varying conditions of temperature 
and humidity. Observations were made on sponge temperature, 
fennentation loss, pH of sponge, farinograph sponge and dough curves, 
handling of the doughs in the makeup machinery, proof time, loaf 
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volume, and general bread characteristics, such as texture, grain, and 
external appearance. 

Formula and Procedure 

A coinnuTt'ial type sponge-dough formula was used, including milk 
powder, malt extract, and bread improver. In the sponge 30 lbs. of 
flour were used, and in the dough 20 lbs.; the sponge Hour was a North¬ 
western patent and the dough flour a Kansas patent; both flours were 
bleached. 

The sponges were mixal at the temperatures indicated, placed in 
open or cabinet-enclosed troughs, and fermented 2f to 4^ hours, usually 
in a controlk‘d dough room at 80®F (26.7°C) and 96% humidity. The 
fermented sponge was then mixed with the balance of the dough 
ingredients. After a floor time of IS minutes, the dough was put 
through the divider <uid rounder, through the molder 12 minutes later, 
then i)ro()fcd at 96®h' (3S.6°C'') and 90% humidity, and baked 30 
minutes at 480°F (249°(;) with steam in the ovep. 

Variations in fonnula or procedure were made as indicated. 

d'empend lire measurements on some of the sponges were made 
with calibrated c'opper-constantan thermocouples, using a Leeds and 
Northrui) portable precision potentiometer. 

Farinograph cuiwes were made with some of the sponges and 
doughs. The sponge curves were made at the end of sponge fermenta¬ 
tion, just before the sponge was mixed with the balance of the dough 
ingredients. The dough ('urves were made soon after the sponge was 
mixed with the balance of the dough ingredients. For each curve, 
520 g of sponge or dough were uscxl in the farinograph. 

Other measurements and observations were made as indicated for 
the individual expt'riineiits. Difl'erences were noted as the doughs 
W(Mit through the makeup machines, and bread score observations 
wer(‘ made by several (pialifu'd indivuhials. 

Exl>eri}nent No, 1, In an experiment with the dough room tem- 
t)eraliire controllc'd at 80°h' (26.7°(') and the sponges mixed at 77°F 
(2S°('), oiHMi trough fermentation was compared to cabinet fermenta¬ 
tion in 4-hour sponges. At the same time, open and cabinet sponges 
were fernient<‘<i for 2 hours and 40 minutes, under similar conditions, 
to check on the claim that sponge fermentation time in the cabinet may 
be reduced by one-third. 

The results arc shown in Table I. 

There were no significant differences between open and cabinet 
fenmjntation, but the differences between 4 hour and 2 hour and 
40 minutes sponge times were definitely significant, under the condi¬ 
tions outlined in Table 1 (temperature, fermentation loss, and proof 
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TABLE I 


Effects of Variations in Sponge Time with Cabinet and 
Open Troitgii Fermentation 
(2% yeast, 60% sponges; dough room, 80°F; sponge, 77°F) 



Filial sponge 
Lemperatuie» 

Sponge 

term. 

loss. 

Spong<* 

pH 

sponge 
consist, 
uttei 51 
minutes 
(farino- 
Riapli 
units) 

Proof 

time 

Loaf 

volume 

Center 

Edge 


op 

op 

% 



mm. 

ct 

4 hr. sponge; open 

89.5 

85.0 

2.06 

4.89 

450 

69 

2,300 

4 hr. sponge; cabinet 

87.5 

85.5 

2.06 

4.85 

430 

71 

2,290 

2 hr, 40 min, sponge; 








open 

85.0 

— 

1.16 

5.00 

520 

73 

2,270 

2 hr. 40 min. sponge; 








cabinet 

85.0 


1.16 

5.00 

520 

74 

2,285 


1 Sponge temperature measurements were made bv means of long th<‘nnometeis, both in the 
center, and at the edge of tlic sponge in c'ontact with tln^ Lrougli. 


time). The cabinet doughs did appear to be sliglitly more pliable in 
going through the machines, but the bread showed no dilTerence 
between open and cabinet fermentation in grain, crumb color, or break 
and shred. The 4-hour loaves, however, were better developed and 
showed finer grain and more age than those from the 2 hour and 40 
minutes sponge fermentation. 

Figure 1 shows the farinograph sponge and dough curves for 
Experiment No. 1. Significant differences were obtained between 
the 4 hour and the 2 hour and 40 minutes sponges, as indicated by tlu^ 
rate of breakdown, or loss in consistency during mixing in the farino¬ 
graph. But there were no differences between tlu‘ open and cabinet 

TABLE II 

Effects of Variations in Sponge Time wnu Cabinet and 
Open Trouchi Fermentation 
(1.5% yeast, 66% sponges; dough room, SO^F; sponge, 77®F) 



Final sponge 
temperature 

Sponge 

form. 

loss 

Sponge 

pH 

Sponge 
consist, 
after sj 
minutes^ 
(farino- 
grapU 
units) 

Proof 

time 

Loaf 

volume 

Center 

Edge 

4i hr. sponge; open 

4J hr. sponge; cabinet 

3 hr. sponge; open 

3 hr. sponge; cabinet 

op 

89.75 

88.75 

84.75 
84.5 

82.25 

85.0 

% 

2.07 

2.07 

1.0 

1.0 

4.90 

4.92 

5.14 

5.16 

440 

440 

560 

540 

min. 

72 

74 

85 

88 

cc 

2,350 

2,340 

2,360 

2,350 


^For some of the curves* the farinograph was run longer* but the values given were read at 
minutes in order to conform with the values for the 5) minute curves in Figure 1. 











Mar, 1946 F SCHOONOVER, J FREILICH, ANDS REDFERN 


m 


sponcfos, showing: tlut under our conditions, fermentation in the 
cabinet pioduc(‘d no measurable changes in water requirements and 
sponge consibteiu> 



B IK 1 Efl< cts ot V dt utions m spoiiKc time on fannogiaph curves made from sponges and doughs, 
atiei sponge t(>rmcnt iiiou in cabinets «ind m open trouglis (see lable 1) 

S » sponge. O » dough 

1 « 4-hour sponge, ojien 

2 »- 4-hour sponge, cabinet 

d « 2-hour. 40-min sponge, open 
4 » 2-hour. 40-min sponge, cabinet 


The diflerences between the corresponding dough curves were rela¬ 
tively slight, but again indicated that time of fermentation rather 
than the use of the cabinet was the important factor here. (The 
experimental error in these measurements is within 20 farinograph 
units.) 

Experiment No. 2. In this experiment, 66% sponges with l.S% 
yeast were used in open trough and cabinet fermentation. The results 
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are shown in Table II and by the farinograph curves in Figure 2. 
Here, again, the significant differences were due to time of sponge 
fermentation, and not to the use of the cabinets. 


S.S 6.S ! 5.0 e.D 



/ 



S sponge, 1> e dough 
5 =*- 4J-h<mr sponge; open 
(> -a 41-houi sponge, cabinet 
7 -B 3 iiour bpongc; open 
B -a- 3-hour bponge, cabinet 


A slight improvement in handling characteristics was noted in 
machining the cabinet fermented doughs, but no effects on bread 
quality could be observed; the loaf resulting from the 3-hour cabinet 
fermentation was no better than the one from the 3-hour open fer¬ 
mentation, and not as good as the 4J-hour loaves, from cither open 
or cabinet fermentation. 

The proof time values are significant; the slow proof due to the 
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short sponges shows insufficient fermentation, which was not corrected 
by the use of the cabinet. 

The farinograph curves again showed very definite dififerences due 
to the time of sponge liTinentation, but no significant difference due to 
s])ongc fermentation within the cabinets. 

Experiment No. 3. In this experiment, the sponges were mixed 
at 81.5®F, slightly above the dough room temperature. Table III 

TABLE III 

Effects of Cabinet and Open Trough Fermentation When Using Sponges 
M ixrn ABovF the Normal Dough Room Temperature 
(2^f yeast, 60% sponges; dough room, 80°F; sponge, 81.S®F) 



Final spougo 



sponge 




tompoiaturf* 



consist. 





—. 

Sjxingc 

ferm. 

loss 

sponge 

Pll 

at 5i 
minutes 
(farino- 

Proof 

time 

Loaf 

volume 


Cent or 

Edge 



graph 







units) 





o 

% 



mtn. 

rc 

4 hr. spongf*; open 

03 0 

85.7S 

2.5 

4.90 

400 

69 

2,350 

4 hr. si><)nge; cahmet 

03 0 

85.75 

2.5 

4.91 

410 

73 

2,375 


and Figure 3 show the results obtained. There were no differences 
between open and cabinet fermentation in this test, cither in the 
sponges, doughs, or the baked bread. 


9,S lO.S 9,D I0.D 



S - sponge; T> » dough 
<) « 4-hour <ir>onge; open 
10 « 4-hour <)ponge; cabinet 


Experiment No. 4. 60% sponges with 1.5 and 2.0% yeast were 
used in open and cabinet fermentation, to see whether the lower 
amount of yeast would show any advantages in the cabinet sponge. 
Table IV gives the results. 
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TABLE IV 

Effects of Variaiions in the Amount of Ylasf with Cabini i 
AND Open Trough Fermpmation 

(41 hour, 60% sponcjes; dough loom, 80®F; sponge, 77°F) 



Final sponge 
temperatuie 

Piooi 

time 

l^df 

volume 

2% yeast; open 

o/i 

90.5 

mtn 

70 

2,290 

2% yeast; cabinet 

1.5% yeast; open 

1.5% yeast; cabinet 

90.0 

71 

2,300 

87.75 

80 

2,270 

88.5 

81 

2,255 


The differences between open and cabinet fermentation in these 
tests were negligible, though the cabinet doughs were slightly more 
mellow in machining. But the differences between 2% and 1.5% 
yeast were quite distinct in sponge temperature, i)roof time, and bread 
score; these were all in favor of 2% yeast, indicating that the use of 
the cabinet would not permit a reduction in the amount of yeast used. 

Experiment No. 5. In this experiment, open trough fermentation 
in the controlled room at 80®F was conii)ared to open and cabinet 
fermentation in an uncontrolled room at about 75°F. In another 
test in the uncontrolled room the top of the trough was covered 
during the sponge fermentation. The results are shown in Table V, 


TABLE V 

Effects of Cabinet and Open Trough Fermentation When 
Using Different Dough Room Conditions 


(2% yeast, 4i hour, 60% sponges; mixed at 77®F) 



Final sponge 
temperature 

Sponge teim. loss 

Proof time 

Loaf volume 

Room at 80®F; 


% 

mtn. 

cc 

open 

Room at 75®F; 

90.0 

2.45 

69 

2,270 

cabinet 

Room at 75®F; 

85,0 

2.06 

74 

2,310 

open 

Room at 75®F; 

85.5 

2.19 

74 

2,300 

top covered 

85.25 

2.06 

7,? 

2,290 


The differences in sponge temperature, fermentation loss, proof 
time, and bread score were significant with respect to room tempera¬ 
ture, showing that the best fermentation was obtaincil at 80°F, which 
also gave the better loaf of bread. Cabinet fermentation at 7S®F 
produced a loaf second in quality, giving better results than open 
fermentation at 75®F. The covered sponge produced a loaf similar to 
that of the open trough sponge at 75®F. 
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It is to be noted that under these uncontrolled conditions at lower 
room temperature, cabinet fermentation showed some advantage over 
o])en Iroiigh fernu^ntation in texture and grain, although diflerences in 
oth<T resiMx Is were neglit^ible. 

Use of Thermocouples in Sponge Temperature Measurements 

It is reasonable to assume th*it any benchts derived from cabinet 
fermentation may be partly due to the insulating effect of the cabinet, 
thereby minimizing the loss of heat generated during sponge fermen¬ 
tation. Jn order to get more accurate information on this point, 
thermocoui^les were constructed and used for temperature measure¬ 
ment. I'igure 4 shows the set-up used for making temperature 
measurements with thermocouples. Figure S shows the ])ositions of 
the different thermo('ouples in the trough during sponge fermentation. 



Kig 4 b<‘t up us<*<l loi nuasuring temperature changes with thermocouple. Dough trough 
withm labmot, with removable covex at lolt, thermocouples m glass tubes mounted in strip of wood 
resting on cdgi^H ol txoiigh, wuc^ from tliermocuut)le*) connected thiougli multiple switch (iii center) to 
poUmtioineict (at rifdit) 


Experiment No. 6. Open and cabinet fermentation were compared 
in regular bjjonges in the controlled room at 80°F and 96% humidity: 
the sponges were mixed at 77®!'. The results of temperature measure¬ 
ments at different positions in each sponge are illustrated in Figure 6, 
showing the temperature changes at two points, post 5 in the center 
of the sponge, and post 7 at the edge of the sponge in contact with the 
side of the trougli. 







Sportgff temperatures 
Setting temp. 7j[*P 
Dough room temp. 80®F 
Yeast 2%, sponge <>0% 

Half siae sponge with trough cam 
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TIME, HRS. 


Fir. 7. ('K\i)Ciinu’'nt 7.) Temperatures of sponges fermented in cabinets and in open troughs, 
showing chanw's in (emperatuic with time, in the center and at the edge of the sponge. Sponges larger 
tlian in Experiment No. 6. 

Spongf temperatures 
Setting temp. 70°F 
Dough room temp. 80®E 
Veiiht 2%, sponge 60% 



2 3 4 4^ 2 3 4 4^ 

TIME, HRS. 


Fig. 8. (Experiment 8.) Temperatures of sponges fermented in <»binete and 
showing'clianges in temperature with time* in the center and at the edge of the sponge. Larger sponges 
with lower initial temperature. 

Sponge temperatures 
Setting temp. 

Dough room temp. SO^F 
Yeast 2%, sponge 60% 
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The temperature differences appear to be insignificant; in the 
center, the open sponge was about 0.5 degree higher at the end of 4:] 
hours, while at the edge, the cabinet sponge gained slightly over the 
open sponge, but was only about 0.5 degree higher after 4] hours. 

The differences in proof tim<‘, loaf volume, and bread scon' wen' 
also insignificant, but the cabinet dough was slightly more mellow 
through the makeup machinery. 

Experiment No. 7. In this experiment (Figure 7), double size 
sponges were used, large enough to fill the trough. The open trough 
sponge was mixed at 79®F, and the cabinet sponge at 79.5°F; the 
dough room was at 80°F and 96% humidity. The final temperature 
in the center was about 0.5 degree higher for the cabinet si->onge, hut 
at the edge it was 1.5 degrees higher for the same sponge, partly 
because of the higher starting temperature. These difforences were 
of little significance, nor were the proof time, volume, and bread 
score appreciably difterent. The slightly higher temperature at the 
edge of the sponge in the cabinet indicates an insulating effect. 

Experiment No. S. This experiment was similar to the preceding 
one, but the sponge starting temperature was lower; the open trough 
sponge was mixed at 7S.6®F, and the cabinet sponge at 75.7®h\ 

The temperature readings in this test were almost identical 
(Figure 8), and differences in fermentation and bread scon' were 
negligible; the cabinet dough was slightly more pliable in going through 
the molder. 

Experiment No. 9. Open and cabinet fermentation were now com¬ 
pared in a cool dough room, with the room temperature about 6®F 
below the starting temperature of the sponge. Th(' results are shown 
in Table VI. 


TABLE VI 

Effects of Cabinkt and Ofen Trough Fkrmkntation in a Cool DotkiH Room 
(Dough room 71®F, 96% humidity; 2% ycMst, 4 hour, 60% sponges; mixed at 77‘^F) 



Fmtxl Bponge 
tenipciature 

1 

Sponge 
pi I 

Sponge 

COnBlBt. 

at5| 

ininutCB 

(faimograph 

units) 

Proof 

time 

Loiit 

volume 

Cent® 

Edge 






mtn. 

ce 


83.8 

73.1 

4.89 

490 

77 

2,275 


85.4 

76.4 

4.87 


79 

2,350 


In this test, cabinet fermentation was definitely superior in almost 
all respects- Sponge temperature in the cabinet was higher, both in 
the center and at the edges, although there was a drop in temperature 
at the edges in both sponges. The cabinet also produced significant 
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diflcr(‘nrc\s in f<irino5>raph sponpfe consistency, dough handling in the 
machines, loaf \'oliinie, and bread score. Figures 9 and 10 show the 
sponge UMiiperntiire and the farinograph curves for this experiment. 

'riu‘ a(l\<in(<iges due to the cabinet in this test ai^pear to result 
mainl\^ Ironi its insuhiting (‘ffect, as indicated by the temperature 



Imr (K\i>otinu*nt 0) lompcratiiies oi ‘ipongca fermented in c*ibinoU and m open troughs, 
showing chiinges m tmnptnatnn' with time, in the center and at the edge ot the sponge Sponges 
fcmnnitcd in .v cool dough loom. Sponge tempcrAtuie in center lower than in previous experiments, 
tempci.itmc diop At edges 

Sptnigr tern pet aturfs 
Setting temp. 77.3‘*F 
I >oiikIi room temp. 71**F 
VoAst sponge 60% 



Fig, 10. Fannogt.iph curves made fiom sponges and doughs aftei sponge fermentation In cabinets 
and m open tiougUs, iti cool dough room. 

-fappngeilDl -Idpugh 
u|[4-hour sponge;fopcn 
wi|,4-hour sponge;j^cabinct 
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measurements; this might have been e\])octed, consiclerinj^ the low 
temperature of the room in which the spongers were fermented. 

Discussion 

The work presented in this paper indicates that the elloc'tiveiu'ss 
of cabinet fermentation (lei)en(ls on the conditions under which it 
is used. Since these may var>, one can m<dve no general statement 
regarding cabinet fermentation, but must specifj^ and di^hne the 
conditions used, and indicate in jUvSt what resi)ects the results were 
beneficial or otherwise. 

The several measurements and observations used criteria of 
eiTectivenCwSs in this work were convincing. All the data, with the 
exception of slight mellowing effects, showed cabinet fermentation to 
offer no advantage over open troughs in a controllcfl dough room at 
80®F.^ Where cal)inet fermentation was found advantageous, as in 
Experiment 9, the insulating effects of the cabinet in a cool room seem 
to primarily responsible, and there is no ne(Hl to resort to inv<)lve(l 
explanations, or to ascribe mysterious pow<‘rs to the cabinet in siK'h 
instances. 

The mellowing effects of cabinet fermentation, as indicated bv 
subjective observations, are yet to be oxplaiiu'd, though thev may be 
of minor importance from a practical stantlpoint, if no other changes 
are involved. It is unlikely that the “blanket of (^(> 2 “ theory is 
valid, since only a small portion of the total sponge surface is e\])osed, 
and for a relatively short time, after the .sponge break.® 

Summary 

A comparative sludv of open trough and ('ahiiu^t fernK‘iit<Uion was 
made under varying conditions of dough room tetnp<Talure and 
humidity, sponge temi)erature, sponge tinus and amount of yeast. 

The results indicat<‘(I that cal)inet fermentation was of no vahu* 
under controlk^d temi)erature and humidity (‘onditions in which tlu* 
room temperature was equal to or greater Ilian tlu‘ 1(‘mperalun' at 
which the sponge was mixed. But when the <lough room t(Mup(M'atun‘ 
was much lower than the starting temperatun^ of tlu^ spong(‘, cabinet 
fermentation showed definite advantages over open trough fermen¬ 
tation. 

It is evident that the effectiveness of cabinet fermentation depends 
on the conditions under which it is used. 

1 In a few tests with 100% Kansas flour, not ropoilcd in this p,ipoi, the results woie veiv similat 
to those obtained with the flour blend used in these exjpoi iments. 

* A few experiments in which carbon dioxide was deliberately admitted into the rdbinet above the 
sponge failed to show any difference not pievioublv observed without its addition. 
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It is cjuiU' ,i>(MKTalIy nro^nized that the genetic constitution of a 
jilant nuiy <irfi‘('l its cluMnical composition, but there is very little 
published work showing tlie etTect of genetic constitution of the plant 
on the clunnical composition of corn grain. The widesspread use of 
comnuTcial corn hybrids makes it highly desirable to obtain this type 
of information sin<‘(‘ the hiding value of corn is dependent, in part 
at least, on its ('lieinit'al ('ompovsition. 

'rile work report(‘d in this pa])er was conducted to determine 
whether or not grain from dilfcTent single crosses among inbred lines 
of corn vari(‘s in its content of protein and certain nutritionally im¬ 
portant amino a<'i(ls. 'I'lu* results indicate that the amounts of tyro¬ 
sine, tryptophane, cystine, arginine, and histidine present in corn grain 
are rclal(*<l to the gen(‘tic constitution of the plant. 

It is known that the prol<‘in content of corn grain is variable and 
may be alT<H't(‘d b>^ (‘iivironmental factors such as soil type, fertilizer 
treatment, and moisture supply (Doty et ai, 1943; Fraps, 1931; 
(Ireaves and Nelson, 1925; Whitson el ah, 1902; Widstoe, 1903). 
Data pr(‘sente<l in the (ifty-lirst annual report of the Illinois Agri¬ 
cultural ICxiHTiment vStation (1942) show also that the percenUige of 
protein in corn grain ('an be increased or docreasc‘d by continuous 
ear-to-row s(‘l(Ttion. 

A f(wv r(‘ports have been publislu‘(l on the amino acid composition 
of tlu‘ ('()mpl<M(‘ protcMii fraction from ('orn grain. C'sonka (1939) 
found tlial Iioon<‘ ('oimty White ('orn grown in Virginia contained 
pra('tu'ally the sani<‘ amounts of cystine, tryptophane, tyrosine, 
arginin(‘, hislidiiK', and lysiiU‘ as Black Yellow Dent corn grown in 
Iowa. Hamilton el <il (1921) found that amide nitrogen made up 
11,94% of tlu* total nitrog'Mi of corn grain; cystine nitrogen made up 
1,07%, arginine nitrogen 8.73%, histidine nitrogen 4.83%, and lysine 
nilrogem 2.20^;Morris (1934) obtained similar values for flaked 
maize, except that anii.de nitrogen and histidine nitrogen were lower. 


ijoutiial No. 2^1 ol th<* Cuidm* ITnlveihity Agricultural Experimeut Station. Herman 

Frubcli FoiiufUitiou lo* Agiicultunil K(*tK‘airU, Pnpei No. 227. 

* Ill I'outHMntion with the Divit.ioii ot Cereal Crops and Diseases* Buicau of Plant Industry, Soils, 
and Engineering, Agiicultutal Keseuich AdiuiiuHtmtion. O. S. Department of Agiicultuic. 

’Stmlor Agiouoinlst, U. S. ()e|>iutnieut ot Agriculture. 

199 



200 


AMINO ACIDS IN CORN GRAIN 


Vol. 23 


Zein, a prolamine which makes up 25 to 60% of the total protein 
of corn j^rain, has been carefully analyml for its amino acid content 
by numerous investigators. 1^his work has l)e(‘n summarized bv 
Hoffman (1925) and Mitchell (1929). 

Csonka (1932) and Jones and Csonka (1928) found that ce-glutelin 
from corn contained more hsine, more tryptophane, more arginine, 
and more histidine than zein. 

May and Rose (1922) found th<it maize gluten contained 1.08% 
tryptophane, while Matsuyama and Mori (1923) reported that corn 
protein contained only a trace of tiyj^ptoplianc. 

These investigations indicate that the amino acid composition of 
the complete protein fraction of ('orn grain may depend upon the rela¬ 
tive amounts of the v<irioiis types of i)rotein presimt in corn. Ob- 
borne and Mendel (1914) found that 22% of the total corn i)roloin 
was soluble in 10% potassium chloride solution, ^\% was soluble in 
90% ethanol, 31% was soluble in poUissiuni hydro\uie solution, 
and 6% was insoluble or lost. S]>it/er, C'arr, and Epi)le (1919) found 
5.27% of the nitrogen of corn present ab amide nitrogen, 21.61% soluble 
in 10% sodium chloride solution, 29.41% soluble in 90% ethanol, and 
42.81% as glutelin nitrogen. Later, Showalter and Carr (1922) found 
that greater percentages of the protein of a high-nitrogen corn sample 
were soluble in 90% ethanol and 10% sodium chloride than of the 
protein of a low-nitrogen corn sample. More recent work by Zeleny 
(1935) indicates that the relative proportions of the various proteins 
in corn grain may be dependent upon the stage of maturity of the corn. 

Materials and Methods 

The samples of corn grain used in this study were obtained from 
corn grown on experimental plots on th(‘ Soils and Oops Farm near 
Lafayette, Indiana. In 1939, the samples used were composite siim- 
ples from triplicate plots. In 1940 and 1941 the stuuph^s were taken 
from single plots. All samples were harvested at maturity, artifi¬ 
cially dried, and shelled. The bh(41«l corn was stored at — 5®C until 
ground for analysis. 

The methods used for analysis were th se described by Doty 
(1941) with a few exceptions. Jt was found th^in some siimples 
tryptophane could not be determined satisfact?JI^ in an alkali hy- 
drolyzate, hence it was necessary to use the following procedure for 
the determination of tryptophane. 

Place the residue from the saliva digestion (E)oty, 1941) of 1 g of 
dry falf-free corn in a 50 ml beaker. Acid 1.0 ml of 2.5% p-dimethyl- 
aminobenzaldehyde solution and 0.5 ml of 0.15% sodium nitrate solu- 
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tion. Stir for 2 niinutos, add 25 ml of concentrated hydrochloric acid, 
and vstir. ('ov(‘r the hi^akcT and allow to stand for 18 hours at room 
tcinpcTatiuv. Dilute the deep blue solution with 10 nil of water, add 
a pinch of asluNstos tiller, and allow to stand for I hour at room tem¬ 
perature. 'rraiishn* the wsolulion to a ipo ml volumetric flask, add 25 
ml of eonc(‘iitrated hydrochloric acid, and make to volume with water. 
Mix and filtiT Ihrouj^h Whatman No. 42 tilter paper. Use a portion 
of the filtrate to determine the transmission value in the KWSZ 
photometer. Di^termine the amount of tryptophane present by read¬ 
ing the traiisinissicm value from a standard curve prepared by using 
known amounts of try'plophaiie in the procedure outlined above. 

It was also found that .sonie hatches of Norit A, even after washing 
with acid and alkali, could not be used for decolorizing the alkaline 
hydroh'/ates becausi* tyrosiiu* was adsorbed to a slight extent. There¬ 
fore*, the alk<iHne hydroh'zates were decolorized by .shaking about 18 
ml of solution in a t(*st tube with approximately 0.3 g of talc and 
filtering imiiu‘diate*h through Whatman No. 42 filter paper. 

Histidine determinations on the 1040 and 1941 samples were car- 
rie^d out by tlu* sulfanilie' ae'id nu‘thod described by Maepherson (1942) 
exct‘pt tliat the c'olor devc'loped was measured in the KWSZ pho¬ 
tometer equipped with ('orniiig filter no. 406 and Jena filter GG 11. 
Several of the siimples were analyzed both by this method and the 
method d(‘S('ril)ed l)y Doty (1941), and it was found that the results 
agrec*d p(M*fc‘('tl\'. 

IVoti'iu fraetionation studies were carried out as follows; Extract 
dry corn, ground to jiass an 80 mesh sieve, with dry ethyl ether in a 
Soxhlet i*xtra<*ti<)n a])paratiis for 24 hours. Remove the ether from 
the residue, and shake up 2.5 g of the dry residue with 100 ml of dis¬ 
tilled wabr in a 250 ml ('entrifug<* lube. Let stand for several minutes 
at room l(*inp<‘ratlin* with occasional shaking. Centrifuge, pour off 
the supernatant licjuid, add 75 ml of water, and repeat the extraction. 
Repeat th<‘ vvat<r i‘xtra<*tion Ji third tinu*. Make the combined water 
e.xtracts to volunu* an<l usi* an alkiuot for total nitrogen determination. 
Extract the residiii* with 5% sodium chloride solution for 1 hour at 
room tc‘inperatun‘ with cu'c'asional shaking. Centrifuge and repeat 
the extraction twice. Add 100 ml of 80% ethanol to the residue, 
mix, and allow to sUind overnight. C'entrifuge and re-extract twice 
with 80% ethanol for periods of 1 hour each. Finally extract three 
times with 0.2% scKlium hydroxide solution. Allow the suspension to 
.stand at room temperature for 1 hour with occasional shaking fojr each 
extraction. In each case use a total volume of 250 ml of extracting 
solution, make the combined extracts to volume, and use an aliquot 
for total nitrogen determination. 
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In all cases where analysis of variance was inafle of the data, the 
standard error of the mean difference was calculated and used to de¬ 
rive the corresponding i value, the significance of which was ascer¬ 
tained from Snedecor's (1^38) tables. Throui>hmit the discussion, 
differences havim> odds of 19:1 or more af><unst their being due to 
random variation arc ternied “significant” and diflerencos having odds 
of 99:1 or more against their being due to random vari<ition are termtKl 
“very significant.” 

Experimental Results and Discussion 

Samples of corn grain from 28 single crosses grown in 1939 were 
analyzed for total protein, cystine, arginint^ histidine, ti*vptophanc, 
and tyrosine. The results (Table I) show that the protein content of 
the hybrids varied considerably and that the amino acid distribution 
of the protein fraction cliflered with the v<irious samples. 'I'here was 
some indication that ])rotein content and amino acid content of the 
l)rotein were related to genetic constitution. For e\ample, all hy¬ 
brids having Mid 1 or B1 13092 as one parent contciined rehUively large 
percentages of protein, while hybrids having 540 or Mo940 as one 
parent contained relatively small percentages of protein. Also, in 
1939, hybrids having Mo940 or 540 as one parent contained less cystine 
per gram of nitrogen than hybrids of other parentage, while hybrids 
involving Mid 1 contained relatively large amounts of cystine. Hy¬ 
brids having B1 13092 or LE 43 as one parent contained much smaller 
amounts of arginine than did the remainder of the s<imples. 

The data on the samples grown in 1939 can indicate only trends 
as regards the influence of genetic constitution on amino iXcU\ dis¬ 
tribution of the protein, because the effect of only one parent, irre¬ 
spective of the other parent, can be evaluated. Moreover, the effect 
of seasonal variation cannot be determined on tlu‘ basis of oiu‘ yearns 
results; and seasonal variations arc important as shown by the fact 
that hybrids of the same genetic constitution grown in 1939 an<i in 
1941 varied greatly in total protein and amino acid content (lable I). 

To evaluate more closely the effect of genetic consLitution on amino 
acid content, two series of single crosses were grown in 1940 and 1941, 
Sind amino acids of the protein fraction from all samples determined. 
The midseason scries consisted of all possible combinations of inbred 
lines L317, Hy, 38-11, WF9, 187-2, and R4; the late scries consisted 
of all possible combinations of inbred lines Mo940, Hy, 38-11, L317, 
Mo824, and K4. 

The results of the analyses show that there was considerable varia¬ 
tion in the amino acid content of the hybrids (Tables II and III). 
In the first place, season apparently affected the composition to a con- 
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TABLE I 

lorAL PrOT! IN AND AmINO ACID CONTENT OP DrY CoRN GrAIN 
I ROM IVllSCMXANl^OUS SlNf.LI CrOSSI S 


Ilvbnci iw(liKn*< 
d< 

\ e.u 

Ri in\ u 

I OiAl 
ptoUMll 

Ammo <icid content pci gr.im of nitrogen 

Cv-tinc 

Arginine 

Elistidme 

Trypto¬ 

phane 

Tyrosine 



% 

mg 

mil 

7ng 

mg 

mg 

Mid 1 X ^ S7‘) 

1939 

9.4 

71 

202 

132 

33.9 

372 

Mid 1 X 38-11 

1939 

9.8 

81 

184 

156 

31.6 

405 

Mid 1 X 38- 11 

1941 

10.7 

80 

215 

127 

33.6 

399 

Mid 1 X 0 > 

1939 

9.5 

69 

218 

135 

33.4 

385 

Mid 1 X CO 

1941 

10.5 

83 

220 

133 

33.3 

394 

Mid 1 X KI)102 

1939 

9.9 

71 

197 

147 

32.6 

387 

Mid 1 X Mo824 

1939 

10.6 

79 

227 

160 

31.4 

402 

Mid 1 X Mo910 

19^9 

8.8 

80 

234 

157 

35.0 

427 

Mid 1 X 540 

1939 

9.0 

71 

217 

125 

31.2 

353 

Mid t X 540 

1941 

10.0 

74 

215 

124 

33.7 

394 

Mid 1 X K4 

1941 

10.6 

90 

212 

117 

33.6 

396 

Mo940 X Hv31 

1939 

8.1 

74 

186 

123 

31.3 

438 

Mo940 X YS79 

1939 

8.4 

56 

220 

117 

34.9 

414 

Mo940 X 38 11 

1939 

8.8 

52 

199 

120 

35.5 

425 

Mo940 X C9 

1939 

7.5 

69 

189 

123 

40.5 

412 

Mo940 X C'9 

1941 

8.9 

76 

241 

120 

38.2 

434 

Mo940 X K17102 

1939 

7.9 

59 

185 

129 

36.5 

410 

Mo940 X Mo824 

1939 

8.6 

62 

182 

117 

33.5 

415 

Mo940 X 540 

1939 

8.4 

71 

214 

138 

35.5 

398 

Mo940 X 540 

1941 

7.5 

77 

264 

125 

45.0 

450 

540 X J[ly31 

1939 

8.9 

55 

223 

147 

33.7 

405 

540 X V«i7<> 

1939 

7.9 

SS 

221 

116 

.35.7 

357 

540 X CO 

1939 

7.9 

72 

183 

153 

39.5 

400 

540 X CO 

1911 

8.1 

79 

260 

132 

44.2 

428 

540 X 38 11 

1939 

8.9 

68 

216 

130 

31.8 

405 

510X38 11 

1941 

8.9 

69 

1 

253 

KH 

40.5 

410 

540 X Kino' 

1939 

8.0 

68 

200 

137 

36,5 

401 

540 X Mfi821 

1939 

8.4 

65 

211 

131 

! 35.5 

434 

510 X K4 

1941 

9.3 

83 

253 

129 

40.7 

1 444 

IJi:43 X 38 11 

1939 

9.1 

78 

132 

140 

30.7 

380 

LlWd X WI'O 

193<) 

8.4 

74 

144 

118 

31.8 

367 

Ll!>43 X 540 

1939 

8.6 

58 

140 

156 

32.7 

385 

LE43 X I’8 

3939 

9.6 

66 

135 

160 

29.0 

.351 

B1 13092 X R4 

1939 

9.8 

63 

131 

152 

29.6 

367 

m 13092 X R4 

3941 

9.4 

81 

239 

131 

38.2 

388 

B1 13092 X 38 11 

1939 

10.2 

76 

LSO 

142 

29.4 1 

375 

B1 13092 X 540 

1939 

9.8 

51 

139 

129 

29.9 

360 

B1 13092 X 540 

1941 

10.4 

81 

215 

131 

32.6 

420 

B1 13092 X Ily 

1941 

10.2 

76 

231 

130 

36.3 

411 

B1 13092 X WI'O 

1941 

11.9 

88 

233 

146 

33.5 

367 

C9 X K4 

1941 

lO.S 

78 

230 

12v^ 

36.8 

398 

C9 X 38-11 

1941 

9.7 

78 

223 

120 

36.7 

407 

C9 X Mo824 

1941 

10.0 

74 

230 

121 

36.9 

403 


All flgurcfl Riven ato nvorttgew from at least two separate dctcrminattons which did not vary from 
the average by more tlian $%. 
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'lAHLK H 

Toial Rroiiin and Amino Acid Coniini oi I)r\ Corn (iRain 
I ROM V SiRiis or JMrnsi vson Sini.ii ( rossi s 


:=-=r- — - 

— - 

- 

- 



- 

- 




\inino uhI tonttni {x i k* tui (d nitioKtn 

ll\bud pccliRiei* 

\iM 

lot ll 






dosjRiiation 

OM n 

pmtt in 









< \Stlllt 

\iKiniiu 

Ilislulmo 

I 1VI t 

I plum* 

l i it)sm< 




MK 

mi 

mt, 

m 1! 

mp 

L317 X H> 

1940 

9 6 

81 

208 

109 

1 41.2 

406 

L317 X Hv 

1941 

08 

77 

210 

124 

43.0 

381 

L317 X 38-11 

1940 

10 4 

78 

217 

114 

26.5 

371 

U17 X 38-tl 

19H 

lO.S 

79 

202 

116 

40.9 

474 

L317 X WFO 

1940 

lO.S 

79 

208 

125 

40.1 

369 

L317 X WF9 

1911 

8 S 

81 

24 4 

H5 

46.0 

478 

LSI7 X 187-2 

, 1940 

10 4 

71 

1 194 

1 112 

30.0 

368 

U17 X 187-2 

1941 

9.4 

81 

i'iS 

I 127 

S4.6 

361 

L317 X R4 

1940 

9.4 

7S 

1 211 

; lOS 

U.7 

387 

L317 X IM 

1911 

9.0 

79 

228 

i 127 

40.0 

358 

Ify X 38-n 

1940 

9.8 

74 

218 

120 

28.7 

127 

Hy X 38-11 

1941 

9.8 

74 

223 

119 

43.0 

391 

Hy X WF9 

1940 

9.8 

64 

154 

111 

41.8 

39S 

Hy X WF<) 

1941 

9.1 

88 

234 

128 

36.5 

377 

Hy X 187-2 

1940 

9.3 

74 

215 

125 

33.5 

428 

Hy X 187-2 

1941 

9 5 

79 

230 

124 

34.6 

395 

Hy X K4 

1940 

9.2 

76 

218 

105 

36.3 

422 

Hy X R4 

1941 

9.8 

80 

223 

124 

35.6 

384 

38-11 X WFO 

1940 

10.9 

7() 

200 

125 

26.3 

377 

38-11 X WFO 

1941 

10.4 

83 

217 

126 

32 6 

366 

38-11 X 187-2 

1940 

10.5 

67 

196 

no 

25.6 

357 

38-11 X 187 2 

1941 

10.0 

74 

206 

117 

31.8 

385 

38-11 X K4 

1940 

10.5 

77 

190 

112 

29.8 

405 

38-U X K4 

1941 

11.0 

80 

250 

121 

31.8 

379 

WF9 X 187-2 

1940 

10.1 

75 

210 

131 

31.4 

389 

WF9 X 187-2 

1941 

10.4 

83 

223 

132 

36.8 

356 

WF9 X R4 

1940 

10.1 

73 

197 

113 

29.8 

470 

WF9 X R4 

1941 

9.3 

83 

245 

130 

35.5 

351 

187-2 X R4 

1940 

9.2 

80 

218 

114 

32.6 

394 

187-2 X R4 

1941 

9.9 

75 

221 

133 

35.5 

367 


See tootnotc, Table 1. 


siderable extent. Analysis of variance of the data showed that for 
the series of midseason hybrids, the average values for cystine, argi¬ 
nine, histidine, and tryptophane were all very significantly higher in 
1941 than they were in 1940. For the late scries, the average histidine 
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T\HLR III 

lorAL Pro n IN \ni> \mino Xcid Conti ni t)i^ Dry CtiRN Gr\in 
I ROM \ Si Rii s oi Lvn Yi I LOW SiNOi i Crossi s 





Vmmo and contont poi gram ol intiogcn 


Ycai 

1 oUl 

- 

— 

— 

— 


(lOMKH lOoU 

Blown 

proLcin 









Cvstinc 

Aiftiiuru* 

Histidine 

1 1 ypto 
pliane 

I \ rosine 



% 

mg 

Mg 

mg 

i mg 

mg 

MoOW X Ih 

1<>4() 

06 

70 

210 

119 

29.9 

A96 

Mo040 X lU 

1941 

11.4 

74 

229 

124 

31,2 

393 

Mo9W X 38 II 

1940 

0.0 

78 

206 

122 

29 7 

393 

Mo'HO X ?8 II 

1911 

11.4 

76 

218 

124 

31.6 

383 

M()940 X I-<17 

1010 

8.0 

88 

211 

111 

50.5 

444 

Mo9t0 X 1-317 

lOU 

10.0 

83 

258 

138 

52.5 

381 

MdWO X M()82l 

1940 

10.5 

66 

179 

102 

26.7 

357 

Mo940 X MriSil 

1041 

II.O 

72 

221 

116 

51.5 

379 

Mo‘)40 X K1 

1040 

10.1 

75 

192 

109 

29.6 

395 

MoW) X K1 

1041 

11.1 

78 

256 

121 

53.1 

378 

fh X 48 II 

lOK) 

0 7 

11 

215 

115 

29.1 

395 

Mv X 11 

1041 

10 3 

70 

224 

112 

55.5 

598 

lly X I-4I7 

10 40 

8 5 

77 

206 

107 

55.8 

427 

IIv X L517 

1041 

9.5 

76 

222 

no 

54.2 

398 

Hy X Mo«2J 

1040 

0 0 

70 

197 

102 

28.4 

367 

Ily X MoSit 

1911 

10.0 

75 

225 

111 

.53.7 

400 

H) X Kl 

1040 

10 2 

74 

190 

101 

28.2 

410 

lly X Kt 

1041 

10.8 

73 

220 

109 

52.4 

401 

58 11 X LM7 

1040 

0.4 

83 

220 

142 

29.7 

391 

58-11 X L517 

1941 

R 7 

82 

250 

129 

55.2 

425 

58 11 X Mc>821 

10 40 

10 2 

n 

100 

107 

26.7 

368 

58 11 X lMo82J 

1941 

10.^ 

78 

218 

115 

31.5 

104 

58 n X Kl 

1040 

10.2 

80 

208 

116 

26.4 

393 

58 11 X Kl 

1041 

10.0 

85 j 

231 

151 

55.0 

437 

L517 X M<»82l 

1940 

10.1 

80 

179 

no 

30.2 

383 

L517 X Mo821 

1041 

10.4 

77 

217 

116 

31.9 

416 

L517 X K‘l 

1040 

10.0 

81 

200 

107 

29.3 ^ 

405 

L517 X K4 

1041 

8.1 

78 

258 

121 

.56.1 

430 

lVIo82.1 X Kl 

1040 

11.1 

69 

168 

90 

26.4 

366 

Mo824 X K4 

1041 

8.7 

83 

236 

129 

35.3 

425 


Sc<‘foot nous I.iblcl 


content was bij»iiilicanlly higher, and the average values for arginine 
and tryptophane were ver>" significantly higher in 1941 than in 1940. 

From inspection of the data in Tables II and III it appears that 
in some cases the amino acid content of the protein of the hybrid was 
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related to the genetic constitution. For example, among the mid- 
season crosses, all hybrids involving 38-tl wc're somewhat lower in 
tryptophane than wore hybrids with other parentage. In order to 
determine whether or not such dilTeronces were significant, the data 
from each series were separated into groups of hybrids with one com¬ 
mon parent and the data for each group com]>ar(‘d to th<U for a second 
group with a different common parent. For examj^Us the group con¬ 
sisting of L317X 38-11, L317XWF9, L317 X 187-2, and L317 
X R4 was compared with the group consiisting of Ily X 38-11, Hy 
X WF9, Hy X 187-2, and Hy X R4. In this way the relative effects 
of L317 and Hy on the amino acid content of the hybrids could be 
ascertained. 

lABLIi: I\ 

Sk.NIIICANI DlIPLRENChS IN IIIK PROTEIN AND AmINO AcII) CoNTbNr OP GrAIN 
TROM MiDSPASON CrOSSKS AS RfLAFED TO THE lNnRp:DS INVOLVED 


Pi otoin 

Hybrids involving 38-11 higher than L317, Hy,* 187-2,* or R4* 
ciosscs 

Tryptophane 

Hybrids involving Hy higher than LH7,* \VF9,* 187 2 * R4,* or 
38-11 crosses 

Tyrosine 

Hybrids involving Hy,* WF9,* 187 2,* or KI* higher than 38-11 
crosses 

Histidine 

Hybrids involving WF9 higher than L317, Hv, 38 U, or R4 
crosses 

Hybrids involving 187-2 higher than Hy crosses 

Cystine 

No significant differences 

Arginine 

No significant difiercnces 


* Very signliic ant (>90:1), 


TABLE V 

SiGNiFiCANr Differences in the PRtvi'EtN and Amino Acid Conikni of Grain 
PROM Latp: Ypxlow Single Crosses as Relaied i<> thp Inbreds Involvid 


Protein 

'rryptophane 

I'yrofaine 

Cystine 

Arginine 


Hybrids involvang Hy, Mo940,* 38-11, Mo824,* or K4 higher than 
L317 crosses 

Hybrids involving L317 higher tlian Mo940 or Hy crosses 

Hybrids involving I„J17 higher than Mo940'*‘ or Mo824 crossos 
Hybrids involving K4 higher than Mo824 crosses 

Hybrids involving L317 higher than Mo940,'*' Mo824,* or Hy* 
crosses 

Hybrids involving K4 higher than Hy crosses 
Hybrids involving 38-11 higher than Hy* crosses 

Hybrids involving K4,* 38-11, Mo940, or Hy higher than Mo824 
crosses 


Histidine Hybrids involving 38-11 higher than Hy crosses 

Hybrids involving Mo940 higher than Mo824 crosses 


* Very significant ( >99:1). 
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Analysis of variance on data organized in this way showed that in 
many cavses the amino acid content of the hybrids was significantly 
aflected by the parentage of the hybrids (Tables IV and V). These 
effects were actually on the protein and were not necessarily related 
to the total protein conteiil of the corn grain, since the amino acid 
contents were expressed as the amounts of amino acids per unit of 
nitrogen. 

The data and the discussion just completed indicate that the amino 
acid distribution in corn protein is heritable, and may be controlled, 
to some extent at least, by choosing the inbreds which are used to 
develop a hybrid. Since the amino acid distribution in the protein 
was shown to be different in different hybrids, then the physico- 
cliemical behavior of grain protein from different hybrids might be 
exp(‘cted to vary. To test this, the solubility of the nitrogen in the 
grain from two hybrids grown in 1940 was determined. The results 
(Table VI) show that the soliiliility characteristics of the protein from 

'I'ABLK VI 

Amino Acu> Composition and I^roilin-Solubiluy of Grain from 
'I'wo Single Cross Hybrids Grown in 1940 


U17 X38-11 Mo940 XMo824 


Total protein (% on dry \vt. basis) 9.4 10.5 

Cystine (ing i)er g N) 83 66 

Arginine (mg per g N) 220 179 

Histidine (mg jjer g N) 142 102 

Tryptophane (mg per g N) 29.7 26.7 

Tyrosine (mg per g N) 391 357 

Nitrogen sol. in HyO of total N) 10.8 12.6 

Nitrogen sol. in 5^’;, Na('l (% oi total N) 12.0 12.8 

Nitrogen sol. in 80% C«Ih011 (?« of total N) 20.5 23.3 

Nitrogen .sol. in 0.1% NaOll It oi loial N) 48.4 43,4 

Nitrogen of insohihle rt'siilue (% of total N) 12.7 10,5 

Nitrogen n‘cov<‘red C ^ oi tot.il N) 104.4 102.6 


the two stimples were distinctly different. The grain from L317 
X 38-11 conlaiiu‘d more alkali-soluble and less alcohol-soluble nitro¬ 
gen than did grain from M^o940 X Mo824. This is in harmony with 
the fact that L317 X 38-11 contained greater proportions of cystine, 
ar^rinino, histidine, tryptophane, and tyrosine in its protein than did 
Mo940 X Mo824, since reports by Csonka (1932), Hoffman (1925), 
Jones and Csonka (1928), May and Rose (1922), and Mitchell (1929) 
show that the glut<*Hn (dilute alkali-soluble) fraction of corn protein 
contains greater proportions of these amino acids than does the zein 
(alcohol-soluble) fraction. If the view of seed proteins as elaborated 
by Gortiier (1938) is accepted, then the results discussed above must 
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be interpreted to mean that the protein complex of the two hybrids 
was distinctly different. 

In general, the amino arid content of ('orn grain as n^porU^d hero 
agrees very well with results published by C sonka (1930), Hamilton 
et aL (1921), and Morris (1934). 

To our knowledge, it has bmi shown for the tirst lime that the 
amounts of certain amino acids in corn protein are affected, to some 
extent at least, by the genetic constitution of the plant. I he occur¬ 
rence of several highly significant differences in amino acid content 
among single crosses from a few random inbred lines indicates that in 
all probability a wider range in composition could be found if a larger 
number of inbred lines were studied similarly. Therefore, it might be 
possible by careful breeding to develop a h^^britl with a high proportion 
of nutritionally essential amino acids in its protein. 


Summary 


The grain from 28 corn single crosses grown in 1939 was analyzed 
for total protem, tryptophanes tyrosine, cystine, arginims and histi¬ 
dine. There was some indication that the amount of the various 
amino acids in the corn protein was related to the genetic constitution 
of the hybrids. 

In many cases the amino acid content of the corn i)rotcin was re¬ 
lated to the inbred lines involved in single cross hybrids grown in 
1940 and 1941. 

The physico-chemical nature of the protein in the grain from two 
single cross hybrids was distinctlj^ different as shown by the fact that 
the sample which contaimKj the liirger ainomUs of cystine, arginine, 
hiblidine, tty'ptophane, and tyrosine also contained largcT percentag<* 
of alkali-soluble nitrogcMi and a smaller percentage* of alcolioksoluble 
nitrogen. 
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Numerous published papers dealing with the measurement and 
significance of gas production and gas retention in fermenting doughs 
have been reviewed by Elion (1940). The gas produced may be 
measured volumetrically, as by the procedure of Bailey and Johnson 
(1924). Similar devices have been described by Jorgensen (1931), 
Markley and liailey (1932), Heakl (1932), Sherwood, Ilildcbraiid, and 
McClellan (1940), and Ilullett (1941). (tas production has been 
measured manomctrically by Blish, Sandstedt, and Astleford (1932) 
and by the widely used apparatus of Sandstedt and Blish (1934) and 
its modification (Malloch, 1939). An automatic, manometric appa¬ 
ratus has been described by Miller, Edgar, and Whiteside (1943). 
A gravimetric procedure has been described by Elion (1939). Ev<i, 
Geddes, and Frisell (1937) compared several methods of measuring 
gassing power and found the correlation between them to bo of very 
high degree. 

The apparatus described in this paper embodies the i)rinciples used 
in the Chefaro balance (Elion, 1939) except that, instead of using 
weight as a method of measurement, the pressure of the gas produced 
during fermentation in a scaled jar of known and constant volume is 
automatically recorded by electric ft])arks which burn holes in a chart 
paper. Many of the nurhanical principl<\s used w<‘re suggested by 
Mr. C. F. Buck who constructed the apparatus used by Heald (1932). 

Description of Apparatus 

'Phe a])paratus, illustrated in Figure 1, consists princi]Xilly of a 
constant tcniperatun* water bath, two revolving aluminum drums 
holding the graph paper on which the data are recorded, four mercury 
manometers which activate a stylus, glass jars weighed down so as to 
remain under water during the course of the experiment, and an 
electrical circuit for producing the sparks. 

The water bath, size 18" X 12" X 7", is large enough to hold four 
jars, a mechanical stirrer to keep the water agitated, a thermometer, 

I Contnbution No. 115. Department of Milling Industry. 

, < Formerly Professor m Mtuing Industiy at {Cansa^t State Collogo, M<iuiuttan. Klan^ias. now con¬ 
sulting chemist at Palo Alto, CaUfomuu 
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and a thennorcc^uLitor The temperature of the bath is maintained 
at 30®C diirincr nieasuionionts 

The jais aio wido-niouth, 4 inches hij^h, and 3| inches in diameter 
outside nuMsiiKMiioiU, and each of SOO ml volume Inside each jar is 



Imk 1 OiiKinal dutonuitic riH.ording gasometer iit rest 

placed a glass triangle (bent glass tubing) to support a watch glass 
upon which the dough is placed. During operation, the jars are 
sealed gaslight with rubber-gasketed brass lids which arc bolted to a 
brass platform. This can be raised when placing and removing 
doughs. On each brass lid is a release valve and also an outlet which 
is coupled with a mercury manometer by means of thick-walled rubber 
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tubing. The pressure in the jars is produced by the expansion of the 
fermenting dough and also by the carbon dioxide which es('ap(\s from 
the dough, unless the Utter is absorlx'd by alkali. A 23% sodium 
chloride solution (25 ml) is used for measuring gas production and a 
23% potassium hydroxide (or otluT alkali such as scxliuni hydroxhle) 
solution is placed in the j<ir for measuring gas retention. 

As the pressure is increased, a column of mercury rises in a 10 mm 
glass tube whose lower end is below the surface of the mercury con¬ 
tainer in a small sealed bottle which acts as a reservoir and is directly 
connected to the fermentation jars by hcav>^ rul)ber tubing. This 
vertically raises the floating aluminum-cork stylus. The height of 
the point of the stylus measures the pressure within the connected jar. 
When no pressure activates the stylus, the recording point is at rest 
at zero position. At all times, regardless of pressure, tlu‘ point of the 
stylus is about one-eighth of an inch from the revolving aluminum 
drum. The guiding of this point is by means of the vertical rods 
shown in front of the drums. 

The diameter of the revolving drums is such that the usual cross- 
section graph paper (cross-ruled in 1/20 of an inch) can be wrap])ed 
around once. Each drum is rotated by a clockwork gear mechanism 
driven by an electric clock motor of one rpm. Itach drum has a cir¬ 
cumferential speed of one inch per hour and will rotate for 8 hours and 
then automatically shut off. An^' shorter period can be used by 
properly adjusting the drums. 

The recording of the pressures in the jars is by sparks from an 
A.C.-operated induction coil. The duration of sparking is controlled 
by adjusting the position of a contact switch on the clock motor shaft. 
The circuit for a particular stylus closes and a spark ])asses from the 
point of tli<» stylus across th(‘ gap and into the aluminum drum. 'I'liis 
burns a small hole through the graph paper. ICaeh stylus sparks once 
every 4 minutes, leaving 15 dots per inch of liorizontal travel, thus 
outlining a continuous graph of the pressure within the connected jar 
from the start of operation until tlie machine automatically stops. 
The gas retejition pressure is recorded in a similar manner. 

Since the volume within the jar is constant, any increase in the 
internal pressure is directly proportional to the volume of the gas 
produced (or retained). The volume of gas produced or retained is 
therefore determined from the pressure readings on the graph by means 
of an equation based on Boyle's law. For the particular volume of 
the jars used, an increase in pressure of one inch of mercury equals 
15.88 ml of gas. 

The apparatus has a capacity of four samples, the dough having 
the same consistency as that used for bread. Four samples may be 
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run for gas production only or gas retention only, or two samples for 
gas production and two for gas retention, depending on whether a 
solution of sodium chloride or of sodium hydroxide is placed under the 
watch glasses. 

A pair of typical curves is given in Figure 2, the upper showing 
total production and the lower total retention. The pressure is 
measured on the Y-axis and the time of fermentation on the X-axis. 



Production fermentation time (hra) 

0 12 3 4 5 6 7 

Retention fermentation time (hrs) 


IHtf. 2. Typical gas production (top) and gas retention curves 
obtained from automatic rt*rording gasometer. 

Both the protluction and retention curves are started at the same 
time; but because of the arrangement of the stylus, the production 
curve lags behind the retention curve. Correct comparison of the 
two curves requires adjustments for the starting points, with con¬ 
comitant changes in the relative positions of the remainder of the 
curves. 

The change in slope of the production curves is the point at which 
the reserve supply of fermentable sugars reaches a critically low level 
in so far as the rate of fermentation is concerned. The peak of the 
retention curve is at the point of maximum gas retention. Although 
the height of the curves at any point on the chart is directly measurable 
in inches, a simple calculation (15.88 X height in inches) transforms 
the height to milliliters of gas. 
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Experimental 

The gaswsing pow*^* of winter, spriiij*, aiul soft wheat tlours was 
determined by botli tln^ Sandsteclt and Idisli (1034) manonietric 
apparatus and the autoinatie recordiiu; a])])araliis deserilx^d above on 
six consecutive days. 'Flu^ l)rocediire di^scribed by wSandsledt and 
Blish (1934) was followed for the inanoinetric niethml. Idie method is 
described in Cereal Laboratory Methods (4th ed., 1941), Only Hour, 
water, and yeast were used. 'Fwo and one-lialf ])cTcent >’oast and 
optimum absorption and mixing time were used for the automatic 
method, A 10-g aliqiiot of the dough, which was mixed by a regular 
niixograidi apparatus, was used with the automatic ap])aratus, 

Jn the comparative btud3' of the manonietric and axitomatic appa¬ 
ratuses only gas production comparisons were made, (iras retention 
moasumnents <ire i)ossible aiul practical on the automatic ai)paratiis, 
and frequenth' for gas retention vStudies regular bread formulae are 
used. 

Readings were taken from the gauges of the nianouK'tric a])])aratUwS 
every half hour for a period of 6 hours (12 readings). As an aid in 
obtaining the pressure values from the automatic recording data, a 
flat glass on which parallel, vertical lines had been ruled was used to 
obtain the values recorded on the graph paiKT of the automatic re¬ 
cording gasometer. The lines were si)aced at intervals equal to the 
distance the graph paper traveled on the rotating drum in half an hour. 
By placing the glass plate over the graph paper, with the first vertical 
line at the point of zero fermentation time, the succeeding intersections 
of the vertioil lines on the glass plate with the graph recorded on the 
graph paper gave readings from the automatic recorder which were 
comparable with the readings from the manonietric apparatus. It is 
these readingvS which have been used in comparing the two itiethods. 

Results and Discussion 

Table 1 gives the average values of the six replications, according 
to the type of flour, apparatus, and fermentation time. The mano- 
metric readings are in terms of gauge pressure. The automatic read¬ 
ings are in terms of units of mercury. Inasmuch as the graph paper 
used on the automatic apparatus was ruled 20 lines to the inch a unit 
of mercury pressure has been taken as O.OS inch of mercury. 

The linear relationship between the manometric and automatic 
readings was Y = 4.S8x, where Y = manometric readings and x «= 
automatic readings. The correlation between the data was + .978 
which was of very high degree as well as highly significant. Only 4.4% 
of the variation was found to be independent of the correlation. The 
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TABLE I 

Mfan Vaiafks of Readings from the Manometric 
AND Automatic Gasometers 


Read¬ 
ing No. 

Fciiiien- 

l.ition 

time 

Flour types 

lixpctimental 

average 

Soft 

Spiing 

Wintci 



Method 





Maiio- 

Auto- 

Mano- 

Auto- 

Mano- 

Auto- 

Mano- 

Auto- 



moti 10 

indtio 

metric 

niatic 

metric 

I matic 

metric 

matic 



appa 

appa- 

appa 

appa- 

appa- 

appa- 

appa- 

appa- 



iatus» 

ratus® 

latus 

1 latub 

ratus 

1 ratufa 

ratub 

ratus 



vim Ilg 


mm Hg 


mm Ilg 


mm Ilg 


1 

0.5 

52 

12 

51 


42 

10 

49 

11 

2 

l.O 

104 

23 



93 

21 

100 

22 

3 

1.5 

156 

33 

158 


150 

31 

155 

33 

4 

2.0 

206 

44 

235 


218 

45 

230 

46 

5 

2.5 

241 

53 

298 


286 

59 

275 

59 

6 

3.0 

2$7 

58 

367 

78 

348 

74 

324 

70 

7 

3.5 

272 

61 

426 

91 

400 

87 

366 

80 

8 

4.0 

282 ! 

63 

464 

103 

432 

96 

393 

87 

9 

4.5 

291 

66 

495 

109 

459 

102 

415 

92 

10 

5.0 

301 

68 

517 

113 

478 

105 

432 

95 

11 

5.5 

313 

71 

538 

116 

491 1 

108 

447 

98 

12 

6.0 

319 

73 

555 

119 

509 

112 

461 

101 


»Gauge pteb3uro. 

® Unit« ot mtucury (20 imita • 1 incli mercury). 
Otie unit oj mcrcuiy -- 1.29 inin. 


correlations betwocMi the two methods, accordinpr to flour type, were 
+ .959, + .983, + .983 for spring, winter, and soft wheat flour, 
respectively. Thv change in rate of gas production occurred at the 
same time with both methoils. 

'riit* standard cTror, slated in terms of percentage of the respective 
means, of the luanonu^tric apparatus was 10.9% and that for the 
automatic a])paratus was 6.8%. 

The <lata Ihus indicate that the same results would be obtiiincd 
with the autoniatM' a])paratus as with the regular A.A.C.C. method 
originally <les(Tibe<l by Siindstedt and Blish (1934). The automatic 
apparatus has Lh<‘ a(l<lcd advantages that it does not require the 
attention of an operator from the time it is started until it automati¬ 
cally vshuts itself off and a now sample can be tested, and data are ob¬ 
tained with apprc'cLably greater accuracy than with the regular 
method. 

Summary 

A new type automatic recording gasometer lias been described. 
It was compared with the regular A.A.C.C. manometric method of 
determining gassing power. 
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The correlation between lhi‘ I wo methods was of very hij^h degree 
as well as hif>hly significant (.978). 

The standard errors were 10.9% and 6.8%) for the r(\t;ular niano- 
metric and axitonialic niiMliods, rcvspectively. 
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EFFECT OF FLOUR LIPIDS ON RECOVERY OF GLUTEN 
FROM HARD AND SOFT WHEAT FLOURS BY THE 
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(Received Un publication July 30, lb45) 

'flic of a coniu'clioii between Hour lipids and some prop¬ 

erties of flour is generally admitted, hut the connection itself remains 
obsc'ure. Most experimenters seem agreed that the extraction of 
liinds improvovS the projxM'tios of the bread; but there is less agreement 
on the efTivt prodii<'(‘d bv' nnneorporation of the extracted material. 

Working (1924) iiu'r(‘as(^d the tenacity of poor gluten b^' washing 
phospluitid(‘s th(‘n‘froin, and ol)S('rved that the addition of phosphatide 
to normal flour injured the gluten quality. Similarly, Johnson and 
Wliitronil) found that doughs (and breads) made from ether- 

extra<d('(l (lour wen* siqnTior to those from the originals; but the addi¬ 
tion of lard to doughs made from the extracted flours markedly reduced 
thiMi' ndention of gas. On the other Iiand, Sullivan, Near, and Foley 
(1936), \vhil(‘ ohserv’ing that the extraction of flour with ether did not 
re(luc(* the loaf-voluiiK' or the quality of the dough, found that readdi¬ 
tion of wheat lipids or fractions thereof also had no great effect on these 
l)roperti(‘s (unless the lijiids had become oxidized). Fisher and Jones 
(1936) found an improvement in flour owing to the removal of lipids, 
and a still furtluM* improvcMnent when they wore put back. Sinclair 
and McC'alla (1937) have* pointcfl out the importance of lipids to the 
charact(‘risti<\s of flours, and the experiments which they report show 
the complexity of the plu^noniena involved. 

(1iang(s in tlu* lipid content of a Hour arc obviously reflected in 
the c()m|>osition of th<‘ isolat(‘d crinlc gluten, because of the large 
(iuantiti(‘s of lipids whu'li tlu‘ latter carries. Gluten prepared by 
KisluT an<l Il.ilton (1933) contained about three-fourths of the total 
flour Iipids.‘‘ I'lirllurinon*, Sullivan and Near (1927) observed the 
lipid content to be nearly the same in widely different wheats, and 
allied att(‘iition to the fact that therefore the ratio of lipid to protein 
is much grc‘ater in soft than in hard wheat. Moreover, Baker and Mize 
(1942) found that th<; effect of added lipids on the baking qualities of 
natural flours depends more on the physical properties than on the 

1 ICnstvmc R('siMirIi I«iUoralorv Omtrihution No. 9R. Part of Unis work was done under Special 
Research Kimd untlioTi/tHi by tlie Hnnkhead-Jones Act of J^une 29, 1035. , j . 

*aunpl<s <)l {lUllite pieuared in tliis laboratory from hard wheat flour and analyzed by Dr, 

W. G. Hoi«* 0 to 0% ol ifiddH. tlius accounting for roughljr two-thirds of the total in tlie flour. 

The glutens won* hv<holyztsl i)y acid or by iM»p«iin before exhaustive extraction, and the extract was 
suba^ueutly 


217 



218 


EFFECT OF LIPIDS ON GLUTEN RECOVERY 


Vol. 23 


chemical composition of the|faLty malerial. While solid fats in general 
improved the texture and crumb more than did liquid fats, the composi¬ 
tion of the solid was of minor imporUnce, for certain waxes and hy¬ 
drogenated true fats c^ave equally good results. It appetirs then that 
the effect of adding lipids to flour depends to a small extent upon the 
fatty material added, but to a large extent U])on the type of flour used, 
i.c., hard or soft wheat. 

Experimental 

A curious difference observed in this laboratory between hard and 
soft wheats is in the proportion of the total protein that can be re¬ 
covered as a curd after agitating the flour with air and warm dilute 
sulfite solution according Lo the method of Balls and Tucker (1943). 
From hard wheat flours much of the protein can be recovered in this 
manner and washed until practicallv free from starch. With flour 
from soft wheats, however, similar treatment has resulted in low re¬ 
coveries of protein, partly because less curd was formed and <ils() 
because the curd did not cohere well enough to be washed thoroughly. 
It was therefore of interest to learn if a reduction in the lipid content of 
flour would lead to a better coagulation of the protein upon treatment 
with sulfite. This was found to be the case with soft wheat flour, but 
not with flour from hard wheat. The baking properties of the flour 
used are outside the scope of tliese experiments. There seems to be 
no obvious connection between the yield of protein recovered in this 
manner and the behavior of the flour in baking, other than the differ¬ 
ence always implied between hard wheat and soft wheat flours. 

In the experiments reported here, three unbleached patent flours 
were usexi; one was from hard and two from soft wheat. The hard 
wheat flour (A) was made from a winter wheat and coutaimxl 15,0% 
protein. The soft wheat flours were (B) a cracker flour, containing 
10.4% protein, made from a western white wheat, <in<l (C) a cookie 
flour, containing 6.5% protein, also made from a western while wheal. 

Large quantities of each flour were extracted with low-boiling 
petroleum ether in glass percolators until the effluents were completely 
colorless.^ As much solvent a>s possible was then removed by suction 
and tlie remainder was allowed to evaporate in a current of air without 
heating. The extracted lipids were concentrated by removing a large 
portion of the solvent on a steam bath. When it was desired to re- 
incorporate some of the extracted lipids into the flour, the latter was 
mixed with a solution of the lipids in petroleum ether, and the solvent 
was allowed to evaporate spontaneously while the mixture was stirred 

* The extraction was assumed not to have removed the bound lipids; this is not strictly true, be¬ 
cause substances resemblmg protammes have been found in the peti oleum ether extract. As far as is 
known, however, their amount is relatively small. 
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in a current of air. In this way any desired proportion of the extract 
could be added, with good distribution, to the extracted flour. 

The amount of extractable lipids was determined analytically in a 
Soxhlet apparatus, ethyl ether being used instead of petroleum ether, 
since the two solvents remove practically the same fat fraction. The 
lipid material remaining in the large batches of flour after extraction 
by petroleum ether was determined analytically by washing out the 
lij)ids with ethyl ether after the lipid-protein complexes had been 
broken down by long exposure to a mixture of ether and absolute 
alcohol. In detail, 100 g of previously extracted flour was shaken 
frequently for 48 hours at room temperature with 400 ml of a mixture 
of equal volumes of absolute alcohol and ether. The mixed solvents 
were filtered off, and the flour washed with ether. The combined 
liquids were evaporated directly to dryness, and the residue weighed, 
'fhe results are given in T'able 1. The reason for accepting values 

TABLE I 

Linn Material Extracted from Three Flours by Ethyl Ether 
AND ThF.REAFTKR BY EtHER AND AlCOHOL 




Lipids extracted 
by ethyl ether 

Lipids subseciuently 
extracted by alcohol 
and ether 

Total lipid 



% 

% 

% 

A 


0.99 

0.il > 

1.30 

B 


1.00 

0.301 

1.30 

C 


1.10 

0.33 ^ 

1.43 


1 In the cobe of flour A, Uiis fraction contained 0.92% of phosphorus (equivalent to 23% lecithin) 
and 0.92% of stcrolb. In the case of flour B, it contained 0.73% of phosphorus (equivalent to 18% 
lecithin) and 1.2% ol Hterols. Flour C contained 0.97% of sterol. Phosphorus was determined by 
the method ol Kiske and Subbarow (1925); sterols by the method of Pljoan and Walter (1937). 


obtained in this maimer was that two other schemes of analysis by 
which the protein-lipid complexes were more obviously decomposed 
gave substantially the same results.^ It is suggested that no present 
method for the determination of “bound lipids“ in gluten is entirely 
beyond criticism; however, there is evidence' that in the results pre¬ 
sented here thc^ easily extractable lipids play the larger role. 

The protein was coagulated by putting 8 liters of water containing 
8 g of a mixture of sodium sulfite and sodium acid sulfite (in the pro- 


* A 12.5-g portion of flour A was digested with 0.13 g of a very active papain x>aste in 50 ml of water 
containing 1 ml of 2 Jlf KCN for 18 hours at room temperature. The digest was then diluted with 300 
ml of a 1:1 mixture of normal alcoholic IICI and ether. After 5 hours the mixture was poured into 1.5 
liters of water. The ether layer was removed. The aqueous layer was extracted twice more with 
suitable quantities of ether, and the combined ether extracts were then washed thrice with water. The 
ether was dried over sodium sulfate and evaporated. The residue was weighed. By this method 
0.29% of the previously extracted flour was recovered as lipids. 

In another experiment a 25-g portion of flour A was treated for 48 hours at room temperature with 
a mixture of 150 ml N HCl in absolute alcohol and 150 ml ether. The flour was Altered on and washed 
well with ether. The combined liquids were evaporated to about 25 ml and then poured into about 
SOO ml of water. The watery emulsion was repeatedly extracted with ether; the ether was dried and 
evaporated. The residue, amounting to 0.35% of the flour, was recovered. From fliour B, 0.32% was 
obtained by the same procedure. 
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portion to j^ivc a pFI of 6.0, whoii disboIvtKl) into a l5-}»aIlon barrel 
churn, and then adding 2400 g of the floui. 'Phe churn was rotaUnl for 
30 minutes <it 45 rpm I'he teinpenitiirc ot lh<‘ (f)nteiils lell from 10® 
to 3S°C\ AftiT cluuiiing, the coaguhdi'd piol(‘in was ])emutted to 
rise to the top, \\<islu‘d thoroughly with <oId w<»1(t, «in(l tlu^n d(‘n<iUired 
by heating to 100° while susp(‘nded in about 5 lil(‘is ol water. 'Idle 
denatured protein wms (ilteied oil on cheesecloth, dried, <ind anah/tnl 
for nitrogen. 

I \HLK II 

PROII IN KpCOVI RI I) I ROM FlOI RS HI T OKI \Nn AIlI R 
lAlRACnON WIIII f*llR()UI)M KlUl R 




R<*L(>voiy <»l piotfiu ui 

M.iteii il 

picsent 


- - - ~ - — 

_ _ __ __ 


Natuial lloui 

1 vtt.u tod lluut 

Flour A 

S' 

15.0 

L 

65 

( 

53 

Flour n 

10.4 

0 

U 

Flour A, 67% -f st.inli 

10 4 

17 

U 

Flour B, extractetl also wilh 




alcohol-othor 

10.4 


43 

Flour B, 1.4 limes the usual ('oii- 




centration in subpension^ 

10.4 

20 

— 

Flour C 

6.5 

0 


Flour A, 43% + 57% starch 

6.5 

0 

30 

Whole (hard) wheat meal 

16.2 

37.5 

42 

Feed middlings 

12.6 

0 

10 


i /8<)0 g Houi m 6.0 lUei« ol siilliU* solution. 

Table II show's the i)orcentage of the total Hour prott*in that was 
recovered by this means. Because of the difliculty in handling small 
batches of gluten, espmally when tli<‘ clot is gianular («is is th<‘ c<ise 
sometimes with sulfite solutions), no great degree of <iccura('Y can be 
claimed for the yield vahu‘s. Repeated t‘xpt‘riimuits not n^portetl Iutc 
indicated that th(\se values «ir(‘ only refiroducible to about ±:5V(; of the 
Hour iistnl; that is to s«iy," two independent me<ihiirements will vary at 
most by about 10%, without the variation being eonsid(Tt‘d signifuMiit 
here. However, the Hour lipids are in some way connec'ted with such 
spectacular changes in the yield of protein that a greater accuracy of 
measurements is hardly needed to demonwSlrale them, even if it were 
practicable. 

Discussion 

It may be seen that the fraction of protein recovered was increased 
from nothing to about 40% by removing the extractable lipids from the 
soft wheat flours. But the yield of protein recovered never rose to the 
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level of that from tlu* hard wlu*al (lour under (lie ecmdilions of these 
cxix^rinu^nt^. 'Tin* amount of piott‘in nn'<)V(‘r(*d from h<ird \vhe«it was 
not j:»n*a(K all<‘et<‘d l)\ i(‘mo\«d ol tluM*\tra(M<il)I(‘lipids. 

\Vh(‘n (In‘ liphls r<‘mo\(‘d h\ p(‘tioleum t‘lhtT (d'abh* III) were 
r(‘in(oiporated uilli t‘\tiaUid soK wIunU Hour, the yield of protein 
n‘eov(n(‘(l was t»r(‘atl\ k‘sst‘n(‘d. As littl<‘ as oiUMpiarLer of (he li])id 

I MILE IIr 

I a n < I o! Linns on Vii n> oi^ Proimn bROM Eloxtr 


ICxiRAl IM> wnii Pi 

!• IROLl ITNf 

ICiiinu 






r*iott*ui locoveied 


Pn»U‘in 

lot.il 

— - 

— 


1«« *-<*111 

hpul 

\cld«*(l lipid 

\dtU*d lipid 




tiom sum* 

tioin the 




iloui 

otliei dour 


% 


< ^ 

% "" 

FInur A, no lipi<l .iiIdtMl 

15.0 

0.^ 

58 


Floni A, flour lipid ,i<M<‘d 

IS.O 

O.H 

ol 


Floui \, tloni lipid .idd<Ml 

IS.O 

L< 

58 

50 

Floiii \, flout lipul uddnl 

IS.O 

1.8 

11 


Flour A, floui lipid iid<l<*d 

15.0 


0 

8 

Flour A, (oMoincnl oil uddi'd 

IS.O 


0 


Hour \, <‘\li.uM liotn nn (‘(pial 





ol floui U <iddfd 

15.0 

1.8 

15 

- 

Flour B, no lipid <id(k*<l 


0.^ 

41 


in<)ur H, fl<mi lipid .iddod 

10.1 

0.0 

10 

82 

Flour B, flour lipid .i<ldi*d i 

10,1 

0.8 

0 


Flour B, flour lipid nddod 

lO.-l i 

1.8 

0 

0 

Flour B, floui lipid a<lik*<l 

10.1 

1.8 

0 

- 


material oiit»inaIlv <‘\(ra<Med redu('<‘d tin* quantil}' of I'lx'overable 
protein to om-third of its foimer value. In the ease of the Inird wheat 
flour, howevt'i, dn* <i(ldi(ion of 1.5 times th<» (piantity of lipid material 
originally <‘\(iat'ted was KXjuiied to redue<; (h(‘ vi<'ld of [iroteiii to 
two-thirds. 

'Tile foi<‘.t»oiiu» expeliments show tlmt llu» proportionate yiehl of 
eoa^uIal>h‘ pi olein fiom a soft vvinxit Houreould I)<‘iiK'n'asinl by remov- 
inj 4 pait of tlu' lipids. It eould also be enlarj*t^l l)y imTeasin^ the 
eoiux'utration ol prol<‘in pr(*s(‘nl without (’haiij^injir the lijiid-protein 
ratio, d'his w«is <lone by nulueiiiK tlu* amount of liquid used with a 
low protein Hour (B) so that the eoneentration of protein was the Siinie 
as that for tlu* liij»h protein tlour in the larger volume. By this nieaiiwS 
the yield of pro((*in from Hour B was increased (T'ahle II), but not 
enough to ecpial tin* yit‘l(l from Hour A. Furthermore, mixtures of 
wheat stanfli and high prot(*in Hour (A) were made so that the protein 
of the mixtun‘s eon\*spoiul<*(l to that found in flours B and C, respec¬ 
tively, d1u‘s<' inixturt‘s Ixfliavecl very like the natural floux*s of tlio 
same (low) prot<‘iii content Clablc II). 
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There is thus a great difference in the extent to which small quanti¬ 
ties of easily extracted flour lipids affect the yield of gluten from hard 
and soft wheat flour.^ A diflerence in the composition of the fatty 
material extracted from soft wheat flour is not responsible for the low 
yield of protein therefrom, beaiuse this yield is equally depressed by’' the 
material extracted from hard wheat flour. A similar method of pro¬ 
cedure was used by'^ Finney (1943) to show that the difference in baking 
quality between Kharkof and Chiefkan wheat was not due to the 
specific nature of the extractable lipids. In considering the yield of 
coagulated gluten, it seems clear that the amount of lipid present in the 
flour is a significant factor, but the critical amount varies with the type 
of flour. 

On the other hand, there is no evidence that the proteins in the two 
types of flour are rcsponsil^le for their different behaviors toward 
sulfite solution. The addition of the water-soluble proteins from soft 
wheat flours had little influence on the amount of protein recovered 
from hard wheat flour (Table ill), showing that this fraction of the soft 
wheat did not carry with it an anticoagulating factor sufficient to 
account for the differences observed between the two flours. This 
viewpoint is supported by the observation (I'able IJ) that when the 
concentration of protein in high-protein flour was reduced by the 
addition of wheat starch, the mixture behaved like a flour of naturally 
low-protein content. But the ratio of fat to protein in the case of these 
artificial mixtures is not the same as for low-protcin flour; on the 
contrary, it is the same as in the original high-protein flour. This 
indicates that the lipid-to-protein ratio docs not alone determine the 
yield of protein. Flour A tolerated about twice as much lipid to 
protein as flour B before the yield of i)rotcin vanished. 

Because of the <'ase with which some of the lipid material may be 
removed by solvent from natural flour, it seems reasonable that such 
lipids exist (iither free or on the surfaces of prolixin particles. In each 
case an accumulation of lipkhs at the surface of the protein can be 
expected when the flour is mixed with water, because so much of the 
fatty material, whether naturally present or artificially added, ulti¬ 
mately appears in the gluten. It is probable, therefore, that the 
proportion of easily extractable lipid to protein indicates the superficial 
concentration of lipids on the protein particles while the latter are still 
small. The higher this superficial concentration of lipids, the lower 
will be the number of collisions that “stick** during the churning. On 

* If tte lipid mateiial remaining in the flour after simple extraction were responsible for the ob¬ 
served differences, it is difficult to understand why the yields of protein from extracted soft wheat flour 
were so high, and so readily lowered by returning a trace of the extracted material to the flour. Further¬ 
more, as Guown in Table 11, the soft wheat flour gave the same yield of coagulated protein after extrac- 
tiox^th both petroleum ether and alcohol-ether as it gave after extraetbn with petroleum ether alone, 
showing that the residual lipoproteins played only a minor role in the coagulation of the protein. 
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the other hand, the total number of rolHsions between protein particles 
must depend on their concentration, and that is roughly represented 
<it the start by the protean content of the flour. An increase in the 
protein content of the flour should thercTore increase the nuinbcr of 
collisions, while <in incre<ise in the proportion of extractable lipid to 
protein should decre<ise their individual effectiveness. If, as seems 
likely, the surface of the protein particles is the critical area involved, 
soft wheal flour may be expectcK.! to give lower yields of protein. 

Several factors not presently determinable would have to be known 
before drawing an^^ quantitative picture from these or similar data. 
The sizes of the protein particles during the essential steps of llie 
coagulation would have to be known, and also the fate of the surface 
lipid during that period, how much is buried in the coaguluni, how 
much is concentnUed on the new (and smalkn*) surface, and how much 
is given up to the surrounding medium. Furthermore, while the 
present d<ita are too approximate to indicate it, some involvement of 
the chemical propcM'ties of both the lipids and proteins present is of 
course to be anticipated. On the other hand, if this hypothesis is as¬ 
sumed in principle, it must be admitted that the hard wheat flour has 
behaved in these experiments as though its prot('in partickis were on 
the average decidedly smaller during the coagulation process than those 
of the soft wheat flour. 

Summary 

Three patent flours, one from hard wheat and two from soft wheats, 
were extracted with petroleum ether. The removal of lipids from soft 
wheat flour greatly increased the amount of coagulable protein that 
could be' re-covered on treatment with sulfite solution. The removal 
of lipids froni hard wheat flour did not alter the yield of protein there¬ 
from, 

'File addition of the flour lipids to previously extracted flour re¬ 
sulted in a smaller yield of protein, regardless of the tyi)e of flour from 
which the lipids were prepared. The amount of artificially added 
lipid necessary to reduce the yield of protein materially was very small 
in the case of the soft wheat flour; two or three times as much was 
required to produce a commensurate decrease in the yield of protein 
from hard wheat flour. 

An ‘‘anticoagulating’' action sufficient to explain the results could 
not be demonstrated in either the lipid or the protein fractions of the 
soft wheat flour. 

The results suggest an explanation based on the hypothesis that the 
coherence of protein particles to form a coagulum (and possibly also 
a dough) varies directly with the number of the protein particles and 
inversely with the surface concentration of lipids thereon. 
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GRAIN STORAGE,;§XUDIES. m. THE RELATION 
BETWEEN MOISTijRE CONTENT, MOLD GROWTH, 

AND RESPIRATION OF SOYBEANS ' 

Milnur and W. F. Geddks * 

'lural HiorheniLslry, Minnesota Aj^ricullural Kxperiment 
\ University Farm, St. Paul, Minnesota 

|•ivc‘^l toi iniblicatioa J<inu.uy 30, 1946) 

Moislil'c t'ontoiU IS rocoj>iuzed as the most critical of all factors 
(|u‘ respiration, heating, and deterioration of stored grain. 
As tht‘ noislure content of dry j^rain is increased, there is a relatively 
slight iicr(‘<LS(‘ in the respiratory rate until a critical moisture range, 
chan^^teristic of the seed si)ecies and inlluenced by factors related to 
the ^oininercial quality of the grain, is reached above which a rapid 
i^^'^'<l(‘ration in respiration occurs. This has been demonstrated by 
Kflkwilz (tool) with barley, by Bailey and Gurjar (1918) with wheat, 
b' Bailey (1921) with corn, by Bailey (1940) with flaXvSeod, rye, and 
oher cereal grains, and by other workers with other seed types. At 
hoist lire eonttMits favorable to rapid respiration, the heal j^roduction 
hay be siiirudent to increase the tiMnpt»rature of grain stored in bulk 
Mid th<‘r<‘by acei^lerate its (hdCTioratioii. 

Ikul<‘>' and (hirjar (1918) e.xplained the marked increase in respira- 
ion aI)ov(‘ the <Titi(\d moisture range by assuming the formation of a 
.'ontimions gi^l in tlu‘ kenu‘l structures which facilitates diffusion of 
|tlu‘ soluble mitrientvS to the rcvspiratory centers of the seed located 
|)rinci])ally in the s(‘<‘d embryo. Bailey (1940) and Krelovitch and 
Uhcluikova (1940) admit that molds may contribute to grain respira¬ 
tion but only wIkmi the moisture content is well above that at which 
the initial rapid increase in grain respiration occurs. On the other 
hand, many workers including Cohn (1890), Darsie, Elliot, and 
Peirce (1914), McHargue (1920), Thom and LeFevre (1921), Gilman 

»1‘apor No. 2274, Sru‘tilific Jouinat S(‘ric8, Minnesota Ai^iicullural ICxporiiuont Station. This 
pap*r rcprcw'nts a portion ot a thesw pre^tnilcd to the Gnwlnute School of the Univetsity of Minnesota 
mpirtUil lulfillment of the r<‘aulrements iur the Degrwoi Doctor of Philostipliy, Maxell, 1945. 

’ Remireli Assox'itUe, DiviHion of ARricuItuial Biochemistry, Onivetsity of Minnesota, St. Paul, 

• Piolessoi ol AKxidilluial Bioehemi'-tiy, Univeihitv of Minnesota, St. Paul, Minnesota. 
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and Barron (1930), (1^34), Larmour, Clayton, and Wren- 

shall (1935), Koohler (l3|8), Ramslad and (kHld(‘s (1942), Milner, 
Warshowsky, Torvot, and ci^'^Idos (1943), Leach (1944), and Milner 
and Geddes (1945) have stress^'^^ importana* of sai“)r<)phylic mold 
niicroflora which are ahnOvSt invaP‘^^^^^' present on |>raiii, in contribut¬ 
ing to the respiration and associated changes. I'hal the 

so-called critical moisture content” associated with 

minimum moisture levels at which certa^” common molds will germi¬ 
nate and grow has been suggested by Gilma9 Barron (1930). The 
work of Thomas (1937) with wheat and of 1^^‘rvet (1945) with soy¬ 
beans indicates that sa])roi)hytic fungi, particil^^^b' certain members 
*of the Aspergillus species, may also be respop«J^^c for losses in the 
viability of stored grain. 

'Fhe present study was undertaken to investigateinterrelation¬ 
ships between moisture conteni, mold growth, seed via!^ilily» resi)ira- 
tion, and changes in the chemical composition of so>Beans. The 
respiratory characteristics of soybeans of varying grade v’ere deter¬ 
mined at various moisture levels by a method which proviepd for the 
constant aeration of the siimples at constant temperature. At the 
end of the respiration trials which extended over linu^ ])eriocP 
IS days, the seeds were examined to determine the extent ol I'^^okl 
growth and chemical deterioration. A study also was made cf the 
respiration of autoclave-sterilized soybeans inoculated with Asperf-^^^'^ 
Jlavns, a fungus commonly present in commercial samples 

Materials and Methods 

The soybeans used in this study included: (1) a seri 
moist soybeans of the Illini variety grown in Illinois in a* 

exceptionally sound, w<‘ll-matured siim])l<' of Wisconsin Manchu soy 
beans grown for vseed piirpos(‘s at University Farm, St Paul, Minne¬ 
sota, in 1943; and (3) a vtTy severely frost-damaged immature sample 
of soybeans (sample grade, damage 55%, giTinination 5%) which was 
a composite representing the poorest quality soybeans grown in^ 
Minnesota in 1942. 

Respirator^' rates and respirator>' quotients exhibited by the 
various soybean samples were determined using the apparatus and air 
analysis technique described by Milner and Geddes (1945), whereby 
the seed samples, maintained in respirometer bottles in a thermostat, 
were aspirated continuously with air at a relative humidity which was 
in hygroscopic equilibrium with the initial moisture content of the 
samples. Analysis of the effluent air for oxygen and carbon dioxide 
was performed daily. 

Except in the case of the naturally moist series of soybeans, the 
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seed sami)Ies were conditioned to the required moisture levels by the 
direct <iddition of V'ator, as described in a previous communication 
(Milner and Ck-^ddes, 1945). Moisture values were determined by the 
two-stage air-oven method outlined in Service and Regulatory An¬ 
nouncements No. 147, issued by the Agricultural Marketing Service, 
IJ.S.D.A. 

l^btiniation of the numl)er of seeds in a given sample infected with 
molds, tis well as identilication of the prevalent mold types, was carried 
out by the siirhicc-sterilization and plating technique described by 
Milner, Warshowsky, Tervet, and Geddes (1943). 

Oil acidity, expressed as acid value (milligrams of potassium hy¬ 
droxide required to neutralize one gram of oil), was determined on the 
oils extracted from soybeans by the method of Zeleny and Coleman 
(1938). Analyses for total, reducing, and nonreducing sugars in 
various soybean samples subjected to respiration trials were carried 
out on finely ground seed samples by the methods outlined for wheat 
flour in Cereal Laboratory Afethods (4th ed., 1941), 

(ierniin<ition v<iliies re])orted for certain of the soybean samples 
were furnished by the State Seed Testing Laboratory, University 
Farm, St. I\uil 8, Minnesota. 

Respiration of Naturally Moist Soybeans 

The respiratory rates of six samples of lllini soybeans containing 
from 8.5% to 14.6% moisture were determined at 37.8®C over an 11- 
day period with samples weighing 250 g. To avoid the possibility 
of inhibitory carbon dioxide concentrations in the interseed atmos¬ 
phere and at the same time to obtain readily measurable changes in 
the composition of the effluent air, two aeration rates were employed, 
namely, 1000 ml per day for samples containing 14.0% moisture and 
more, and 500 ml per d<iy for the samples of lower moisture content, 

'riie <*arhon dioxide values are given in Figure 1 in the form of the 
respiration-time curves for the various moisture levels. 'Fhe relation 
betweem respiratory rate <ind moisture content on the eleventh day is 
also vshown. 

That inhibition of respiration was not involved in this trial is 
indicated by th(‘ data of Table 1. The maximum airbon dioxide 
concentration in the intersced air was 1.02% which is well below the 
initial inhibitory level of approximately 12% previously reported by 
Milner and Geddes (1945). 

The importance of continuous adequate aeration and of prolonging 
seed respiration trials for several days, stressed by Milner and Geddes 
(1945), is confirmed by the results of this trial. The respiration of the 
soybean samples containing 14% moisture and k\ss remained low and 
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iMfi 1 InlliRncc ol time and iiKHstuie t ontcMit on the uspii.itoiv 
rate ol iiatiiialH moist llJim son beans at M 8*’C 


relatively ronstaiil throughout the 11-duy ])crio(l. In contrast, alter 
an initial decline in carbon dioxide output during the first four days, 
the respiratory rate of the sample at 14.6% moisture broke upwards 
and continued to accelerate throughout the rem<iinder of the trial. 
The maximum respiratory rate of this sample was therefore not 
attained. The initial decline in respiratory rate shown by this sample 
over a period of several days ma^ only be an apparent one since raising 
the temperature of the hoyl>eans from room temi)eratiire to that of the 
thermostat (37.8®(') would result in the evolution of some of the pre- 

TAIiLlC I 

Kmci oi Naiural Moisidri Conuni on nii 
Ki sPiRAioRY Kvn OI lu.iNi wSoyhians 

(Data ate tin the eleventh clay ol ttial at 87,8®C with s«uiiple wcMt*hts of 250 g) 


Muisiuic 

Aoiation 
per day 

CO m 
mitisctd air 

RospiraLoiy 
rate» 

% 

ml 

% 


8.5 

500 

0.07 

0.3 

8.9 

500 

0.09 

0.4 

12 4 

500 

0.20 

0.9 

13.5 

500 

0.26 

1.2 

14.0 

1000 

0.14 

1.3 

14.6 

1000 

1.02 

9.4 


1 Milligrams COs per 100 g diy matter per 24 Iiouim 
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viousiy respired Cciii)on dioxide retained by the seed. A similar appar¬ 
ent decrc^ase in res])iration was noted by Milner and Gcddes (1945) in 
respiration trials with so>bean samples freshly conditioned to various 
moislun^ levels, the de(Teas(‘ in initial respiratory rate bcinji^ more 
pron()iinct‘d as the moisture content of the samples increased. A 
similar pluMiomenon with soaked ])ea seeds has been observed by 
Gaiu^ (1935) who siiji^ests that it is '‘probably due to an accumulation 
of carbon dioxide diirinj^ soaking of the seed preliminary to the respi¬ 
ration trials.” 

The niark(‘d acceleration in the respiratory activity of the seeds 
containing 14.6^V) moisture, after the fourth da^^ as contrasted to the 
very low and relativel>^ constant respiratory rates of the samples at 
moisture conl(Mits between 8.5% and 14.0%, suggests that the activa¬ 
tion of sonu^ additional biological factor occurs IxHween the narrow 
moisture rang(‘ of 14.0 and 14.6%. Examination of the seeds at the 
end of the trial disclovsc^d that only the sample at 14.6% moisture 
show(Ml visible moUl growth. According to the data of Ramstad and 
Geddes (1942), a moisturt^ ('ontent of 14% in soybeans is in equilibrium 
with an atmospheric relative humidit^^ of while a moisture 

value of 14.6^'(i is in c‘quilibrium with a relative humidity of 76.2%. 
Several investigators including Lea (1933), (galloway (1935), Barton- 
Wright and 'Pomkins (1940), and Macara (1943) have shown that over 
relatively short linu‘ intervals, a relative humidity of 75% is a mini¬ 
mum for mold spore germination at ordinary temperatures in the 
presence of nutrients. 

The inllection of the moisture-respiration curve is much sharper 
than that obtained with various grains by previous investigators who 
usually caiTi(*d out their studies over time intervals of only a few days 
and <Mth<M* asjMrated olT the accumulatiKl carbon dioxide at intervals, 
or at tlu' (Mid of the trials. The present data suggest that former 
m(‘th(>ds t<Mid(Ml to inid(M‘estiniate the maximum respiratory ])Ot(mlial 
lK‘caus(‘ of tlu» short durat ion of th<‘ trials, combined, in some instances, 
with suppr(‘Ssion of r<\si)iration by inhibitory carbon dioxide concentra¬ 
tions in llu^ inters(H‘(l air, particularly at the higher moisture levels. 

Respiration of Artificially Dampened Soybeans 

lligh-Qualily Soyheavs. wSubsjimplcs of a sound, well-matured lot 
of Wisconsin Manclui seed, vshowing 94% germination and very low 
microfloral infection, were conditioned to moistures ranging from 11.8 
to 18.3% and res])iralion trials were carricid out at 37.8°C with 250 g 
samples aerated at 2000 ml per day, in the presence of the appropriate 
air humidifying solutions. The moisture coiUt'iits of the samples, 
assayed Ix'fon^ and after the trial, showed a maximum variation of 



C,K\IM SIOKAGH STUDIIi^S III 


\m1 I't 


2M) 


The respiration (l<ita winch are presented in Fic:uro 2 emplusizc 
the importance of the lime factor in any measurement of respiratory 
potential. The concentnitions of the carbon dioxide in the interseed 
air and th(‘ respiratorv quotients for the jwo highest moistures (16.0 
and 18 3%) are given in l\ible II for the last four days of the trial. 
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'I \RLK II 

Rilationship I311WIPN Moisiuri Conuni, Carbon Diomdi 

CONCI NTRATION IN TIIl^ InII RSM D AtR, AND ReSPIRAFORY 

QuoriLNi KxniBni.n bv IIk.h-Quaiiiv Wisconsin 
MaNCHIT SOYBl ANS Rl SPTRINt. AT 37.8®C 





I) IV ot itial 


Moist ui< 




— 




8 

9 

10 

1 i 

% 






16.0 

COj in inlcrsoed air, % 

0.12 

0 13 

0 20 

0.29 


R.Q. 

0.75 

0 72 

0 87 

0 78 

18.3 

CO 4 in intci seed air, % 

3 57 

.Ml 

380 

3.80 


R.Q 

0,98 

0.95 

0 99 

0.97 


Respiratory quotient values for the samples at lower moistures are 
not considered reliable because of the extremely small percentages of 
gases exchanged at the rate of aeration applied. 

Initial and final moisture values, oil acidity, germination data, and 
observations on the extent of mold growth arc reported in Table III. 
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TABLE in 

Lm 1 ( 1 ()i Momnrki. Coniini ont Ki spir viiov, Aciu 
Vvnji OK On,, ViABTLirv, and Mold Growiii 

(Ili£*h-(HKilit> Wisconsin Manchu sovbCfins after eleven d«ivs respiration at 37.8°C) 


Moistiin* 1 







R<*si>iiat<>iy 
late » 

\nd value 
ot oil • 

(jCi iiiinalion 

Visual < onditio 

Initial 

Pinal 





1L8 

* < 

(ontiinal 

samplej 

- 

1.0 

94 

Mold-free 

11.8 

11.0 

0.5 

1.0 

85 

Mold-free 

12.0 

12.2 

0.9 

1.1 

74 

Mold-free 

12.0 

11.0 

0.9 

1.3 

60 

Mold-free 

15.1 I 

15.0 

0 9 

1.5 

42 

Mold-free 

16.0 

16 0 

5.4 

1.8 

15 

Mold-free 

18.2 

18.5 

72.2 

6.9 

0 

Moldy 


* MilliKoinis < <)» iMM t<M> K (li> inattor i>c*i il houis on olovoiiih day ol trial. 
MilliKiaius ol potassuiiu ludtovuU* loiiuued to neuttalue the atidiU ot 1 g ol oil. 


All samples at moisture values below 16.0% showed very low and 
relatively ('oustaut rt'spiralory rates throughout the trial. That at 
16.0^^o moisture g<ive slight respiratory increases commencing on the 
ninth day, whereas the one at 18.3% moisture yielded rapidly increas¬ 
ing respiratory activity after the second day, reaching approximate 
equilibrium on the' ninth day. 'Phe critical moisture for this series 
appeared to lie between 15.0 and 16.0% (77.3% to 79.5% relative 
humidity) as compared to \^% (74,8% relative humidity) shown by 
the naturally tnoist vseries. 

Visual examination of the seeds after the trial showed only the 
highest moisture sample (18.3%) to be moldy, although the slight 
in<T(‘awSe in respiration of the sample at 16.0% moisture during the 
final few days of the trial indicated that mold growth was beginning. 
In this eoniu^clion Larmour, Sallans, atid (Vaig (1944) have pointed 
out that the marked im'n'ases in respiration as a result of mold growth 
apiK*ar well before tiu' mold is vi.sible to the naked eye. 

Table II sugg(\sts that the respiratory quotient of soyl)e<in respira¬ 
tion at moisture levels favorable to mohl growth increases with mois¬ 
ture content. 

Marked increases in oil acid value of respiring soybeans did not 
occur until the moisture content exceeded that at which mold growth 
begins (Table III). Loss of viafniity, however, occurred throughout 
the entire moisture range, but was accentuated at moisture values 
conducive to mold growth. 

Severely Damaged, Low-Quality Soybeans, Siibsamples of the 
frost-damaged lot of soybeans were conditioned to five moisture values 
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in the raiij’e 10.1% to 17,0%. In view of the hi^h degree of micro¬ 
floral contamination shown by this sample which would he expected 
to cause higli rcspinition values (Milner, Warshowaky, I'ervet, and 
Oddes, 1043), seed samples of only 150 g wen* used and the maxiinuni 
aeration rate, 2000 ml jkt da\, was applied. 



Kig. ,3 InUiiemt* ol tunc* an<l nioislui<‘ <ontonl on the rospuatoi^ 
i.ite ol .ulihtully cl.iinpenrd. ■<*v<ncly liost rLnnciged so^lH\lns at 37.8”<'. 


'Phe (lata for (he trial given in Figure 3 indicate that in s[)it(‘ of the 
liigh ratio of aeration to sample size, the respiration of the highest 
moisture sam])Ie was so grc'at that l)y the sixth day the conc'entnition 
of carbon dioxide^ in the intersevd air reac'herl levels inhibitory to 
respiration. On the ninth day, half of this sample was removed, thus 
effectively doubling its aeration. The relation between moisture con¬ 
tent, concentration of carbon dioxide in the interseed air, and respira¬ 
tory quotient for the last six days of the trial for the three samples of 
the highest moisture content Ls given in Table JV. C^hemical, mois¬ 
ture, and other changes in the seeds as a result of the respiration trial 
are shown in Table V. 

The data indicate that extremely high respiratory rates can occur in 
highly damaged seeds at moisture values favorable to mold growth. 
In this case the critical moisture value lay between 13.2% and 16.0%, 
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lABLE IV 

Rri vrioNsuiP Bi iwiiN MoisruRE ComiNi, Carbon Dioxidp 

CONCINIKAIION IN 1111 InURSLID AIR, VND Rl SPIRAIORY 
(JlTOHINI lAlTIBIIin B\ SiMRFLY FROSI-DAMAOFD 
SOYBI ANb RrbPIRlNG A1 37 8®C 


P m il 


D.IV oi tnal 

moistuM 


6 

7 


9 

10 

11 

16 1 

COj in inleisecd an, 

R.Q 

2.38 
0 82 

4.15 

0.82 

5.98 

0.87 

7.52 

0.89 

8.68 

0.89 

9.36 

0.90 

17 1 

CO- in nUcisceil ah, 'u 

R.Q. 

10.94 
0 90 

12.15 

0.90 

12.65 

0.91 

12.61 

0.88 

12 73 
0 91 

12.71 

0.91 

20.0 

CO- in inlcisood an, % 

R.Q 

17.39 

0.93 

17.90 
0 94 

17.97 
0 94 

18.03 

0.94 

11 80 
0 94 

15.03 

0.96 


7ABLE V 

Em Cl OI MoibHJRI CoNIINfON RrSPIRXlION, 
ClUMK VI ('()Ml*<)SIIION, VlABIlllY, AND MoiD GROWIH 


(ScvimoK fi()sl-Utinv.ii»ecl sovlnxins atler 12 days lespiialion at 37.8°C) 


Moi 

Initial 

tui< 

P in il 

Rt spir 
atoiv 
late » 

\<.id 
\ duo 
ol od 

lot d 
siigais 

Keduung 
sugars 
.IS % ol 
total * 

Gei tni 

lULllOU 

Visual 
(ondition 





nn /JOp 

Vc 

% 


6 8 



2.9 

— 

— 

5 

Mold-lice 


sample') 







10.2 

10.3 

0.6 

3.8 

290 

44.1 

6 

Mold-lree 

13.1 

13.2 

3.3 

4.2 

291 

43.6 

0 

Mold-fice 

15.1 

16.1 

291.7 

14.5 

268 

51.1 

0 

Some mold 

16.1 

17.1 

400.9 

22.7 

259 

57.3 

0 

Moldy 

17.0 

20.9 

1003.8 

56.4 

219 

70.5 

0 

Very moldy 

» MilliiM.mi*- ( O iH'i 100 p (li\ mattei nor 21 honis on twolltli <lav ol Inal. 


Ridm inp suk ws ih‘ (al* ulattd as inaUoso, 

noiiKHUK iiif! a<- sucrose 




.il)i)arc>iill> wdl lu-Iow the 16% valmdor the hittli-quality stK'ds (Fiiiure 
2). 'Phew tesiills apjM'.u to l)e in line with the findings oi 'I'oinkins 
(1629) hiiKX' the> deinonhtnite th.U incre<ised nutrient <ivailabilit> to 
the molds, <is miitiit be expeetctl with frost-dam.iged seeds, teiuls to 
lower the humidit j reciuircments for mold spore germination. Such an 
increase in the rc‘<i<lily available nutrients present on the damaged seeds 
would result also in a greater extent of mold proliferation, as evidenced 
by the very high respiratory rates reached by* the dam<^?ed sample. 
Thus sound seeds such as those of the high-quality sample, with their 
smooth unbroken seed coats, present a more inhospitable medium for 
molrl mycelial penetration and growth than do the highly frost- 
damaged sc'tHlb, in which the majority of the seed coats were ruptured. 
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and a large part of tlie sample consisted of naked cot>vle(lons entirely 
devoid of seed coats. At a moisture content of 18.,^% the high- 
quality sample showed a maximum respiratory rate of 73,'^3 mg carbon 
dioxide per 100 g dry weight per 24 hoiu's; while by interpellation, the 
frost-damage^d sample has a rate of about 600 mg at this moisture level. 
These values indicate that a much greater hazard is involvt^tl in the 
storage of damaged as compared with sound damp soybeans. 

The tendency of the respiratory quotient to increase with moisture 
contents corresponding to relative humidities favorable to mold growth, 
as noted in the i)revious experiment, is also shown by the data in 
Table IV. Milner and Geddes (1945) observed a similar trend with 
samples of approximately equal moisture content (18.5 to 19.v3%) when 
the aeration rates were increased from low value's at which respiratory 
inhibition occurred. 

The very marked increases in the respiratory rate of damaged seeds 
with time, at moisture values permittitig mold growth, are reflected in 
profound changes in chemic'ul com])osition (Table V). The greatest 
relative change occurre<l in the degree of fat hydrolysis, as indicated 
by the acid values of the extracted oils. I'otal sugars decreased while 
reducing sugars underwent a marke<l increase. 

A striking result of this experiment, in which respiratory rates 
reached very high rates, was the marked increase in the moisture con¬ 
tent of samples on which mold growth occurred. 

' The Respiratory Behavior of Sterile Soybeans 
Inoculated with Aspergillus flavus 

Mycological examination of the high-quality Wisconsin Manchu 
seeds at the end of the respiration trials showc'^l that the sample at 
18.3% moisture was contaminaU'd with Asl^ergillus Jlaviis and A, 
glauciis. A, Jlavut> has been shown by 'rhomas (1937) and Tervet 
(1945) to exert a toxic effect on seed viability. 'Fhese observations 
promptc'd a study of the respiratory characteristics of this mold by 
inoculating sterile soybeans with spores grown in pure culture. B>' 
this means any biological activity due to the seeds themselves was 
(diminated. 

Six lots of the high-quality samples were conditioned to various 
moisture contents in stoppered Erlenmeyer flasks for four days at room 
temperature, with occasional shaking. With cotton plugs replacing 
the stoppers, the samples were autoclaved for one hour at 120®C. A 
slight browning of the seeds resulted from this treatment. In the same 
autoclave were placed a number of eight-ounce bottles to be used as 
respirometers, which were previously tared with the stoppers and con¬ 
nections used for assembling the respirometers. All openings to the 
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respironicters wore previously plui*geii with glass wool. Observing 
sterile precaul ions, the sterile cool seeds were inoculated with a large 
number of si)ores of Aspergillus jlaviis from a week-old pure culture 
grown on an ag<ir slant. Kive Stim]>les of varying moisture content 
were inoculated with mold sj)ores, while a sixth, at the highest mois¬ 
ture, was k‘ft sl(M*ile to serve as a control during the respiration trials. 
Portions of the inoculated sanii)les were transferred to the tared 
respirometer bottles which were closed with the sterile stoppers 
through which ])assed thc‘ glass wool plugged connections. Seed 
sample weights in the respirometer bottles were determined by weigh¬ 
ing the sealed bottles and their contents. The samples ranged in 
weight from 109 to 146 g. 



Respiration trials w(Te conducted at and an aeration rate 

of 2000 ml pcM' <lay, with results shown in Figurc‘ 4. 'Phe relation- 
shi]) l)etw<‘en moisture content, carbon <lioxide concentration in the 
interseed atmospheres and r(‘S])iratory quotient for the inoculated 
siimples at th(‘ tlire(‘ higlu^st moisture levels during the lust four days 
of the trial is shown in 'Pahle VI. Changes in tlie chemical composition 
and the visual condition of the seeds are recorded in Table VI1. The 
initial chemical values are for determinations made on the samples 
after autcx'laving but b(‘fore the respiration trial; any effects of auto¬ 
claving on chemical composition are not involved. 

The close similarity of the respiratory characteristics of a pure 
mold culture growing on a sterile soybean substrate to those of normal 
seeds at similar moisture values indicates that the greatest part of the 
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Rii AiioNSiiiP BrrwiiN Moisjuri Conjfni, Cvrijon Diomdi 
CONC l NIRAIION IN llll rNIIKSIIl) AlR, \NI) Kl SPIRAIOR^ 
Quoiiini Kmiiuiud «\ Auioci \\i -Sii Rii i/i i) SiniiiANs 
Inocui vii I) wini Aspirt*iUus flavii\, ai 37 S'-C 
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lAliLL VII 

I III Cl 01 MoISJURI CoNIINI on Ri SPIRAIION, Acil) 
Valui oi Oil, and Moiu (iRowiii 

(\iitotUvc-slenh/ed Wisconbin ^lanchu so>beans inodilalcd with 
Upergillu^ flavuSf aftci IS dajs ie< 5 pitali<)n at 37 8 C) 


Moisture 


1 Aticl lllK ol oil ! 




Respiratoij 



Visu il condition 

Initi U 

h lual 

rate ^ 

Initial 

Final 



% 





12 9 

13.0 

0 0 

1 3 

10 

MoUl-fut 

14.8 

14.8 

00 

1 3 

1.0 

Moki-lrce 

164 

16.1 

0 0 

1 3 

1 0 

Mold-fict 

174 

18 1 

212 0 

1 1 

1.9 

Moldy 

189 

19 4 

340 2 

1 3 

3 8 

Moldy 

21 9 

21 7 

0 3 

1 S 

1 1 

Molcl-liuc 

(sUulo tonliol) 






1 Mtllipi ims ( C) iKr 100 }/ div m lUtt in i ^1 homo on iiitd nth d i\ ot iml 


sh»iq) incrcMsc in rcspinition of iioiinal wetlod soods c<ui bo atliibutocl 
io mold proliferation coinmondm? at ti sh.irply doiinod inininiiim hu¬ 
midity. 'file small but nuMsuiable *iinount of rospinitioa noted with 
normal seeds at low nioisluro valuCvS is absent in the sterile mold- 
inoculated seeds in a siiniLir moisture ranej^e and siit>t>csts that this 
very slight carbon dioxide evolution is due to seed respiration. 

The critical point in the moisture-respiration curve occurred slightly 
above 15% for the normal, sound sample (Figure 2), and above 16.1% 
moisture for the sterile, inoculated sample. The normal seed was 
contaminated with both Aspergillus flavus and A, glaucus and the 
latter fungus proliferated more freely during respiration trials. The 
lower critical moisture value for the normal seed suggests that A. 
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glaiictis has a lower huiiufltly requirement than A. Jlavus, This is 
confirmed l)^ the data of Koehler (1938) who showed that the minimum 
nioivsture re<iiiin‘ment for the growth of A, glaticus on shelled corn was 
while that for A, Jlavus was Similarly, Galloway (1935) 

found that spores of A. glaucus would j»ermmale in the presence of 
niitri(‘nts at relative humidities as low as 75%, while spores of A, 
/lavas requir(‘d 85% relative humidity. These humidity values cor¬ 
respond to equilihrium moisture levels of 14.1% and 18.0% in soy- 
l)(‘ans, accordin,t> to the data of Ramstad and Geddes (1942). 

The values for the initial and final moistures of the samples wi this 
trial confirm the iirevious obseiwation that mold growth and respiration 
caufa(' moisture accumulation in the seeds. The inoculated samples 
which undiTwent no resi)iratory increases, as well as the high moisture 
control sample, showc‘d no signifiainl moisture changes. 

'fable VI indicates that no significant difference exists in the respira¬ 
tory quotient of a mold when respiring at diflerent moisture levels on a 
biologically' iiu‘r( substrate. This is in contrast to the respiratory^ 
characteristic's of tlu‘ same sample of normal seed where both seed and 
mold nvspiratiou <irc‘ involvi‘d. The data show conclusively^ that the 
respiratory quotient of pundy' mold respiration is 1.0, under the con¬ 
ditions of this experiment, with soydieans. 'fhese facts lend confirma¬ 
tion to the hyq)otlu‘sis previously^ suggested that the respiration of the 
soybean seed it .self is not only' of a very' low order of magnitude, but is 
also characterized by respiratory' quotients well below unity. That 
this is the ('as(‘ was shown by a study of the respiratory’ behavior of a 
seri<‘s of s^imph‘s of the sound Wisconsin Manchu wsoy'beans at moisture 
valu(‘s below the critic'al. 'Thc^se data, presented in Table VIII, were 

rxBLE VIII 

f.M'i'Ci Of* Moisn/Rh ('oMi'Nr Bklow 'ini» ('RincAr, 

LI‘.VM. on RksIMRVIORY KAII’ AM> Ri'SriKMORV QUOTIKNI 

(I Iii»h-fjualitv Wisc'oiiMii Manrhu sovIkmus on ICMilh day of trial at 


MoMtin* 

Kospiulot V i.ilt* ‘ 


R.Q. 





O.d 

0.11 


0.50 

11,d 

0.21 


0.56 

U.4 

0.34 


0.67 

UA 

0.41 


0.73 

UJ 

0.56 


0.76 


* MilliRrains Cih ih*i l(M> 8 ciiy iirattci pet 24 Uout^. 


obtained by using very large vseed samples and low aeration rates, in 
order to obtain readily measurable changes in th<‘ composition of the 
respired air. It may^ Ix^ concluded that wIkto mold growth on vSixxls 
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is restricted b> lack of air, high carbon dioxide conccntnilion, or un¬ 
favorable moisture, the combined respiration of the seed and mold 
would yield a rewSpiralor\' quotient inlermediate between (he low value 
flue to the so^^bean seed and (he value of 1.0 for purely mold r(\spir<i- 
tion. Conversely, as mold res])iration in(Te,is(‘S with increasing aera¬ 
tion and moisture, (he ])re(loniinant respiration of the molds forces (lie 
average respiratory quotient very close to unity. 

Discussion 

Two agencies are responsible for the rcs])iiMlion and deterioration 
of soybeans under practical storage conditions where insect life is not 
involved, nainely the normal metabolic processes of the seed itself and 
the biological activity of molds, which are almost invariably present. 

At moisture v<iliu*s below 14^^;, seed respiration only is involved, 
and changes in chemical composition and viability proceed at a very 
slow rate. 4'ho energy released by seed respiration is apparently too 
slight to promote the heating of seeds whe^n stored in bulk. However, 
even in this moistun' range, there is a loss in viability with increasing 
moisture, particularly when the seeds are stored at a relatively high 
temperature. The present studies con (inn similar observations re¬ 
ported by Barton (1941) and Ramstad and Geddes (1942). 

The slow decrease in germination which occurs on the storage of 
“dry"' seeds at ordinary temperatures may possibly be aswsociated with 
the extent of respiration, slight as it is under these conditions. 'Fho 
production of carbon dioxide is enhanced by increased moisture and 
temperature, and unless sullficient moisture is provided for germina¬ 
tion, the accumulating carbon dioxide or olhor respiration products 
may reach levels toxic to the embryo. In this connection, Kidd (1916) 
has suggesled that carbon flioxkle acts as a narcotic to seeds thereby 
inducing dormancy, and that germination is n^laU^fl to a lowering of 
(hifa inhibitory ]>arlial pressure of carbon dioxide in thc^ tissues. 

The present stiulics have yielded data which show that normal 
viable soybeaiKs release carbon dioxide when welted, or wIkmi (heir 
temperature is raised, over a perifxi of a few days, before either normal 
seed or mold respiration becomes established. 'Phal this carbon 
dioxide release is probably not due to a high initial rate of respiration 
seems to be indicated by the fact that high respiratory quotients in the 
range of l.S to 2,0 appear during this process and fall to normal values 
when this “bound'' carbon dioxkle is dissipated. This observation is 
not in accord with the claim of Freitinger (1927) that dormant seeds 
have a continuing intramolecular type of respiration, owing to the low 
oxygen permeability of intact seed coats, until sufficient moisture is 
provided to swell and rupture the seed coat. Futhermorc, Milner 
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aiui (ie(l<U‘s (l^)4sS) (UMiionstralod that v(.*ry lii.uh sustained res]>iratory 
(jn<)(i(‘n<s indi(Mliv(‘ of aiuTohic respiration ocx'urred in damp soyl^eans 
onI> wluMi the se(‘ds were mainlained under nilroi>en (conlaininj* 0,2% 
()x>.^en). 

In the pr<*seut sludies, normal dornianl soybeans respiring in air 
over exliMidt'd tinu' intervals exlnl)ite<l an increasing trend of respira¬ 
tory cpiolient between 0.50 and 0.76 in a moisture range between 9.3 
and 14.3^'J, Crai)U‘ VIII). Meyer and Rader (1936) have shown that 
germinating s()\beans, which doubtless respire at a considerably 
higlier rate than ^‘dry’’ dormant soybeans, exhibit a respiratory quo¬ 
tient of 0.65, Under the same conditions, the respiratory quotient of 
germinating wh(‘at was 1.0. These observations suggest that dormant 
soybean n^spiration is of a normal aerobic type, but that substrate 
materials other than carbohydratc^s, possibly fats, are respired b>' 
soybeans. .\noth(‘r interpretation of the regular increase in respira¬ 
tory quotient as the moisture approaches that favoring mold growth 
is a binding of resjnred carbon dioxide by the tissues in the fac(‘ of 
otluTwise normal iUM'obic resi>iration, the degree of retimtion of ciirbon 
dioxide d(XT(‘asing with increasing moisture. 

Wh(‘n th(‘ moistun‘ contemt excccxls a mininniin value (usually 
about 14% but d(*])endent on a number of factors), a very sharp in¬ 
crease in the n'spiratory rate of soybeans occurs; this indicates that an 
additional and very active agency contril)uting to the resi)iration has 
come into play, 'flie evi<lence is quite conclusive that molds are 
responsible. 'Flu^ prc'scnt studies have shown that their respiratory 
quotients are very close to a value of 1.0, indicating that as far as the 
l)rincipal vsp(‘cit‘s (‘ucountered in these studios arc concerned {Asper¬ 
gillus jlavns and A, glaums), aerobic carbohydrate utilization is the 
major ])roc(\ss. 

The minimum moislun' content of soylu^ans where the sharp ui)tuni 
in respiration has b(*(‘n found to occur, namely 14%, corresponds to an 
equilibrium r(‘!ativ<^ humidity in the surrounding atmosphere of ap- 
I)roximately 75'^^. 'Phis humidity level is the minimum critical 
humidity at whicdi th(‘ most xerophytic mold species proliferate. 
Walter (1931) has stressed the fact that various microtloral species 
have dilTeretU minimal moisture requirements for growth, and Gallo¬ 
way (1935) has classified a large number of common molds of the genus 
Aspergillus and PenicilHum on the basis of their minimal humidity 
requirements for germination and growth on nutrient media. In 
general, the Aspergilli include the most xerophytic of all mold species. 
Most of the momi)ers of this group which have been studied initiate 
growth in the presence of nutrients in the range of humidities from 75% 
to 85% in lime intervals u]) to two weeks. The Pemcillia a])])(‘ar to 
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require a minimum humidity of while ollu'r si>ec'ies iiicludini* 

Rhhopiis, Trichoderma, niicl Cladosponum require minimum relative* 
humidities of about 90% for spon* i»ermination. Bartc'rinl vspon* 
j’ermination and Rrowlh is not likely to be involved imdt‘r normal con¬ 
ditions at relative humidities below In the* pr(\se‘nl stu(lie\s it was 

noted that the ])roli feral ion of Aspergillus tilnudts on soybean sc'ckLs 
occurred at a moisture level se)m(* 3% lower than was recpiin'd for the* 
^^rowth of A. Jlaviis. 

That the relative humielity of the atmosphere surroundinjy natural 
proelucts rather tlian the hyj>r 0 wsce)])ic' moisture* values *ip])ears to ^t»overn 
molel spe)re germinaliem tinel t>ren\ th is e'le<irly ineli('ate*el when the elata 
of several investigators are e'orrelated. Haines (1937) em])hasize*s 
this i)oint in a re*view on the causes of the* microbioloc>ical deterioration 
of meat. Lea (1933) found that li])ol 3 'sis elue to molel growth e'om- 
mene'cd em bacon fat at relative humidity. Macara (1943), afte*r 
investigation of the ('ause*s of nie)ld growth on drieel meal, found that 
on me*at e'ontaining 40% fat anel 10% water, the moisture noteel being 
in e*quilibrium with <i rc*lative humidity e)f 74-75%, molels might grow 
after a few wec*ks. Rozsa (1935) in a review of the wmrk e)f I*ap (un¬ 
published) concluded that a redative humidity of 75% initialed molel 
growth with resulting incre*ases in oil acidity' in store*<l wheat. Smith 
(1938) has provided an o.xcellcnt analogy to explain these facts with 
the statement: *‘If dry samples of ])ure wool and pure ce^ttoti are 
exposed to the same (humid) atmosphere, the wool will lake up approxi¬ 
mately twice as much moisture as the e'otton, and, k'aving out elilTer- 
cnces elue to chemical composition, the two vsami)k\s will be approxi¬ 
mately equally liable to mildew. . . Since the c'ompletion of the 
present studies, Snow, (>ichton,and Wright (1944) have elemonstrated 
that extre*nu‘ly wide variations in eH|uilibrium hygrosc'opic moisture 
exist in elilTerenl nalur<il feedstulTs at e'ommon re‘lative humidities. 
Their data confirm the conclusion that mold growth is determined by 
the humidity factor rather than the actual moisturi* content of the 
material. 

A conclusion of fundamental importance is that on as diversified a 
range of natural products as wheat, bacon fat, meats, leather, textiles, 
flour, feeding stuffs, and book-binding materials, the minimal relative 
humidity at which certain mold spores, commonly contaminating such 
materials, may grow, is virtually the same. In other words, a narrow 
humidity range with a minimum of about 75% corresponds to the 
different ‘^criticar* moisture levels shown by a variety of natural 
products, and it is this humidity which is associated with the initiation 
of mold growth on all. Rozsa (1935) expresses this thought as follows: 
*‘The source (of moisture for the growth of microorganisms on wheat) 
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is mostly the vajior content of the atmosphere of the storeroom, or the 
air layers wrap])ing wet kernels of wheat which arc so rich in vapor. 
Not the actual moisture is responsible for the damage of the different 
mill products, UvS the (hnigcT occurs at very different moisture contents. 
The daniat^e Ix'gins at identical relative vapor pressures--otherwise at 
the biological e(|iiivalenl of the moisture content.” 

^'he critical humidity level (75%) at which mold growth is initiated 
is prob<ibl>' in lu'groscopic equilibrium with the different moisture 
levels in various seed species (e.g., flaxseed 10.5%, wheat 14.5%) 
where upward respiratory trends, similar to those shchvn in the present 
studies with soybeans, h«ive been reported. The df ta presented have 
shown that if inhibitory interbet^l carbon dioxide concentrations are 
avoided, th<^ well-deliiK^d upward trend in respiratory rate at the criti¬ 
cal humidity for mold growth occurs more sharply than previous re¬ 
ports have suggested. In order to determine the "'safe” moisture 
limits for a grain whovse storage characteristics are unknown, it had 
been th(‘ practice^ in the ])asl to determine its respiration rate at various 
moisture levels and then to designate as '‘critical” that moisture value 
at which th(‘ sharp upward trend in rCvSpiration commences. That this 
laborious and tini(‘-consuming procedure is unnecessary is evident from 
the discussion given on I he relationshi]) of relative humidity to mold 
growth. With certain nwrvations to take into account factors due to 
seed condition, one nc^ed only determine at ordinary temperatures, the 
relative humidity-hygroscoi)icity moisture relationships of any ma¬ 
terial in order to d<*signate as "critical” that moisture value which is 
in equilibrium with a relativt' humidity of 75%. 

Hailey (1940) (|U(‘slioned the suggestion of Rozsa (1935) that mold 
growth can o('<'ur at r(*l«ilive humidities as tow as 75%, and pointed out 
that ev<Mi if (his were possible, the equilibrium moisture content of 
wheat at this humidity, according to the data of Coleman and Fellows 
(1925), is 17 to 17.5%), which is well above the critical moisture in the 
range of 14 to 15'^^ where the shari) upward break in the respiratory 
activity of wh(\nt was shown to occur by l^ailey and Curjar (1918). 
On this basis, Hailey concluded that molds would not proliferate until 
the moisture content of wheat was in excess of 17.5%, and that phe¬ 
nomena other than mold growth are responsible for the rapid increase 
in wheat respiration in the critical moisture range. Bailey (1940) 
failed to note that the moisture data of Coleman and Fellows (1925) 
are expressed on the dry weight basis, and not on the conventional 
"as is” basis. When recalculated, their values show that 75% relative 
humidity is in equilibrium with a moisture content of 14.6% and not 
17.5%). Their results then fall into clovsc agreement with the hygro¬ 
scopic moisture data for wheat published by Rozsa (1935). This, 
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figure, 14.6%, mciclenlally, coincides with the niiniinuni of the moisture 
range whicli Bailey and (nirjar (1018) tenn(‘(l critical for and, 

as has been i)ointed out, also agre<‘s with luildishcd data on th(‘ mini¬ 
mum relative hiunidilii\s at which ciTtain uumuIuts oI tlu* AsjycniUlus 
s]) 0 cies of molds will gcM’ininate and grow. 

The critical lunnidilv <it which mold spon^s will g<‘iininat(' and 
yield mycelial growth is affected by v<n*ious fac'tors tin* most imj)or(ant 
of which are time, temperature, and nutrient availabilitN. 'Thus, 
McHargne (1920; noted that molds did not ap])(‘ar on wdioh* ('orn until 
a moisture of 15(' , was reached, whiTivas mold growth dev(‘Io])ed on 
corn meal at nioisU res as low as 12^'^). Wilson (1928) has pointed out 
that mold growth on soybeans ai)pears first in the cnu'ks and broken 
places of 1hes(‘ed coals. Tomkins (1929) found that th(‘ lat(mt ]H‘riod 
of germination of mold si)Oi*es d(rr(‘as<'s wnlh increasing awulability 
of nutrients. lner(‘asc‘d niitrumts also im'rease tlu‘ range* of humidity 
and temj><*rature over which spores will germinate* and grow, d'otn- 
kiiis concluded that “when any one of the conditions is m()difi<*d so as 
to favor growth, that is, make it more rapid, tht* limitation of tin* 
growth rate by variation of any other condition is rend(*r(‘d more 
difficult.” Similar conclusions were reach<*d by (irooiu an<l l\u\iss(‘l 
(1933) after a thorough study of the causes of mil(l<‘wing of l)ook ma¬ 
terials. Barton-Wright and Tomkins (1940) found (‘ssentially the 
same relationships to hold true for the growth of niohls in wh(*at Hour. 
The critical importance of the time factor has b(*en str(‘ss(*d by Snow, 
Crichton, and Wright (1944) who point out that wliilt* 759;, ndalive 
humidity may bo considered as a safe Inunidily for storage of most 
feedstuff's for time intervals up to three months, llu*y wt*r<‘ n<*vtM*t lawless 
able to detect* si)ore germination and sonu* iny('<‘lial growth in f<‘eds 
after three years of storage at huniiditu*s as low as 

'rhe (wesent studies liav(‘ shown that the lattMit period of mold spore 
germination, corresponding to the lime interval pivtu^ling nipid r<‘spira- 
tory increases in damp soyb<*ans, decr<*ast‘s with in('r<‘as!ng iuoistun* 
content. Furthermore, frost-damaged s(*(‘<lsshow eonsi<lerablv short<T 
lag i)criods before the oecurr(*ne(* of n*spiratory in<T<*as(‘s due to mold 
growth, as well as much higher maximum respirator> potentials lh;m 
did sound, high-quality seeds at comparable moistun* k‘vels. h'rost- 
(lamagecl seeds also showed somewhat lower critical moisturo lt*vcls. 
These difTerences can be ascribed <lirectly to the grofiter concentration 
and availability of mold nutrients in the damaged seeds, as w<*ll as to 
a greater degree of initial mold contamination. In this connection, 
Milner, Warshowsky, Tervet, and C;e<l(l(\s (1943) have shown that* 
frost damage in soybeans ivS accompanied by incrc‘ast*s in phosphate 
acidity, nonprotein nitrogen, and reducing sugars. In gt'ocral, it 
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would api)t‘«ir that th(‘ groater storap:e hazards encountered with ini- 
inatiire j^rain, or j»r<iin (lania,s»ed by mechanical injury, by freezing, 
sprouting, or weathering, as compared to well-matured grain at similar 
moisture valu(‘S, can be ascribed to the fact that such grain provides a 
more favorable medium for mold growth than docvS normally matured, 
carefully harv(‘ht<'d grain. 

An interesting com'Iusion to be drawn from the data reported in the 
present studies, as well as that from the literature which has been re¬ 
viewed, is that, of the large variety of microfloral species which usually 
contaminate normal soybeans, only a small group of common molds 
(certain vspecies of Aspergillus of which A. glaucus is of greatest import¬ 
ance, and a ver>' few PeniciUia) arc involved in the respiration and 
storage detcM'ioration of soybean seeds within the moisture ranges 
normally encountered. It is notable that certain members of the 
Aspergilli, particularly A. Jlavus^ which have been considered to be 
saprophytes, pn^fcTring dead organic media for growth, ran grow on 
normal seeds and adversely aflTect their germination. That the 
metabolic activity of molds on vStored grain may lead to marked in¬ 
creases in the moisture content of the seeds is clear from the data of 
this study, 'rhis is indicative that the mycelial mat which ai)pcars 
on moldy seeds is considerably more hygroscopic than arc the seeds 
themselves, «it the same relative humidity. 

Summary 

'riic influence of moisture content on the respiratory characteristics 
of soybeans of varying commercial quality at 37.8®C was studied by 
a technique providing for the simultaneous measurement of.oxygen 
consuniplioti and carbon dioxide production, under conditions of 
continuous and ('onlrolled aeration, for time intervals up to IS days. 

Moisture values below about 14% yielded very low and virtually 
constant respiratory rates over extended time intervals, iiulicativc of 
purely sc^ed respiration. Small increments of moisture beyond this 
value W(Te ac(:oinj)anied by respiratory increases over a ])eriod of 
several days until equilibrium resinratory conditions were approached. 
'Plus elTecl was diu^ to mold growth, and the plotted respiration values 
thus assumed the form of a microbiological grovt h c’urvn Accordingly 
with time, before equilibrium values were reached, increasingly sharper 
inflection of the respiration curve in the crtical moisture range was 
noted. 

Latent period of mold si)orc germinatia, corresponding to lime 
intervals preceding ra])id respiratory increase.^ decreased with increas¬ 
ing moisture content. Frost-ciamag«I seedssllowed shorter respira¬ 
tory lag periods and considerably higher repiration rates than did 
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high-quality soybeans at similar inoisturi^ levels, well as a signifi¬ 
cantly loww critical moisture^ value than vsound, \vt‘ll-nMtunMl seixls. 
These dilTerences are ascrifie*! i)rim<irily to the gnMter ('oneentiMtion 
and ease of availabililv of mitritMils for mold gif)wth in <lamaged as 
compared wath sound s(M‘ds. 

Resi)iraIor>' char<icl(Tislii\s of autoclav(^-sterili/<‘d ibiologh'allv 
inert) soybi^ans at various moisture K*\els, ino(niIat(‘d with spores of a 
mold indigenous to normal so> beans, showed tlu^ same char<uM<Tislic 
sharp upw^ard tn^id in respiration at a (Titi<\'il moistuix' value as did 
normal seeds; the low respiration values yield<‘d by normal s(‘t‘ds at 
lower moisture values (s<h‘cI ri^spinition) w^tc absent. 

Wetting or heating of normal soybeans (MUsed an initiid tw’olulion 
of carbon dioxide apparently not ndated to ri\si>irali<)n, w hit'll is at¬ 
tributed to the r(‘lt‘as(‘ of i)rt*fornuMl carbon dioxide bouinl b\ the 
dormant stvds. 

K(‘spirator>' (juotitaits inrrtMsed with moistun* t'ontenl and ap- 
proaeheti 1.0 as iht' ratio of mold toseetl respiration iiu'HMSt'd. WIkmi 
set‘d respiration w^as abstait (autoclavt'd, moid-inot'ul.ited stnals), the 
r(\spiratory (piotitait of 1.0 (‘xhibitt'd b> the mold r(\spiratitMi was un- 
aflVcted by moisture content. 

Viability of vsoybeans tlecreasetl somewhat whtm tlu‘ S(‘<‘(1 wais heltl 
at 37.8®V at moisture contents below that favoring mold growth, but 
was most a<.lversely atT(‘ctcd at moistun* contents wlanv molds grew* 
readily. 

Only slight changes with time in the clu^niieal composition of r<*spir- 
ing soybeans as estimated by oil acid vahu* and total and n‘ducing 
sugars were noted at moisture v<ilues unfavorable to mold growMh. 
At moisture lev<‘ls wliere molds prollf<‘rat<*d, drastic ('hemictd <'hanges 
occurre<i, approxima(<*!>' profiortional to tin* moistuiH* contt'iit ami tlu* 
(*xl(*nl of mold growMh. 

Significant increase's in tin* moist lire* <'ont(*n I of son Ixsins nitiintaitu'd 
in atmosidieres of constant humhlity in ('(piilibrium witli tin* secjel 
moistun* w'ere noted wdien mold grow^th was <‘xte*usiv<*. At the* same* 
relative humidity, mold mycella are probably mon* hygros<'opi<* than 
are soybeans. 

A$t>ergillnA ^lauds a’lid A* JUivua the priiu'ipal niicrollora 

which ])roliferated ou soybeans in the coiirs<* of r<*spiration trials, in 
the moisture range stuouxl. A, gUiucm was the most xt'rophytic 
species encountered, appearing to initiate growth at about 14% mois¬ 
ture in soybeans (in tiim intervals wathin two we<*ks) corresponding to 
a relative humidity of 7^% in the surrounding atmosi>lu*n*. A . JIaviis 
required a moisture vaIu‘C some 3% higher for germination. 

The literature review<pd indicates that only a f<*w mold tyjxxs arc 
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culpable of gcTiiiinalion and growth at relative humidities as low as 
75%, whereas an increasing diversity of microfloral si)ecies appears at 
higher humidities. 

Relative humidity rather than actual moisture content of seeds 
detennin<‘s llu‘ir siisc<*i)tibilily to molding. It is concluded that the 
various “('rilical” moisture values for difl'ercnt seed species (e.g., 
flaxseed wheat 14.5%;) are those moisture contents which are 

in hygroscopic eciuilibriuni with a common relative humidity of about 
75%') which, over moderate time intervals, is the minimal humidity 
required for llu‘ growdh of the most xerophylic mold species which 
contamiiialc*s tlu* seed. 
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The composition in terms of the B vitamins, thiamine, riboflavin, 
and nicotinic acid of individual mill streams in white flour milling has 
been studied by Jackson, Doherty, aiid Malone (1943). The particu¬ 
lar interest of the i^resent study is that it represents a survey of the 
streams of a commercial mill making 80% National flour of relatively 
high vitamin content despite relatively short surface.^ Thus it covers 
the adjustments and devices aiming at securing a substantial entry of 
the genu, particularly the scutellum, into the flour as a whole, which 
are now typical of British practice. These features were discussed by 
Kent, Simpson, Jones, and Moran (1944); also they an^ well summar¬ 
ized by J. F. Lockwood (1945). They will be described briefly in the 
present paper. 

Milling Procedure 

The tests were made with the cooperation of the Coxes Lock 
Milling Company Ltd., Weybridge, Surrey, a country mill with a 
capacity of 20 sacks (of 280 lb.) of flour per hour, i.e., in American 
terms, 686 barrels per 24 hours. 

At the time of the test the grist was composed of 60% Nos. 1 and 
2 Manitoba and 40% English wheat. The extraction actually ob¬ 
tained was 80.5% of National flour. This wiis calculated on total 
products with screenings and wheat cleanings running automatically 
through a grinder into the olTal. The straight run or National flour 
was better than average in color, its color score (Moran, 1944) being 
about 10 as against a national average of 15, with a thiamine value 
above average (0.89 as against a national average of 0.80), and was of 
good baking quality. 

The mill has four breaks (the fifth, put into operation when milling 
85% flour, was abandoned on changing to 80% extraction), but the 
last three have coarse and fine subdivisions. The total break roll 
surface was only 26 inches per sack of 280 lbs. flour per hour, the total 
reduction roll surface 48, and X and Y 6, the total being 80, or only 
70% of that regarded as typical of British white flour milling. 

1 ^5^® United Kingdom, peicentage extraction calculated on total products including screen¬ 

ings. It Is. therefore, about 1% higher than if calculated on clean diy wheat. 
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British and American Milling, In the following account wherever 
possible the equivalent American milling terms have been inserted in 
brackets after the corresponding Knglish terms. It should be noted, 
howc‘ver, that there is no general American or Canadian equivalent to 
the ICnglish scratch syvStem—^including X and Y rolls. This may be 
briefly explained in American terms as follows: The throughs (^^brown 
sizings'*) of the last sheets of the first and second purifiers are sent to 
A' roll which is fluted with 28 corrugations per inch and driven at 2^: 1 
differential. The tails (“chunks”) of these purifiers, and also of the 
third purifier, are sent to a similar roll called Y, Y also receives the 
coarsest and most branny parts of the grind from X —^as separated by 
A” scalper and by X middlings purifier; the other parts pass to the 
early middlings reductions. The coarser part of Y grind is scalped to 
offal but its middlings are purified (F purifier) and contribute respec¬ 
tively to the various coarse or tailings rolls. Thus instead of chunks 
being sent direct to tailings rolls (or IV Bk rolls) as in American prac¬ 
tice they pass first to this intcrmediate-scratch-system. 

Two other points of difference should be noted: 

(1) Except for A purifier (purifying scalpings from first middlings 
coarse roll) it is not usual in British practice for reduction stocks to be 
purified. Thus, although there is a succession of purifiers operating 
on grades of break middlings, there is no exact equivalent to the 
American fourth purifier which may receive, as part of its feed, stock 
from the first tailings roll. 

(2) The coarsest scalpings from the earlier coarse rolls invariably 
pass, in British practice, direct to the next coarse roll (c.g., Bz tails to 
Ff F tails to /), and not to offal as often in American practice, where 
only the second scal])ings may be directed to the next coarse roll. 
This is important in the present discussion. 

It should also be noted that it is difficult to equate exactly to British 
practice the fourth middlings roll, the feed to which appears generally 
to correspond partly with that to E and partly with that to G roll. 
We have bracketed E and G with the fourth middlings roll and put H 
as corresponding to the fifth middlings roll. 

Operation of Mill The principle (generally recognized in milling 
80% flour) is followed at the Coxes Lock Mill of making very substan¬ 
tial releases early in both break and reduction systems, making as 
much semolina (coarse middlings) as possible, so that the roll surface 
allocation is in fact short for the early breaks and reductions but rela¬ 
tively long in the later stages. The later stages can therefore be used 
for careful selective action in the way of “cleaning up”; this is an 
important point. In the case of the reduction system this is helped 
by careful but heavy purification of well-graded semolinas (sizings) 
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and middlings, which enables heavy flouring to be done easily by the 
head reduction rolls. Scalping and grading for all breaks except the 
fourth, and sifting of 4, 5, and C reduction stocks (stocks from reduc¬ 
tion of first and second middlings) is by Speight plansifter. B dunst, 
though good, is redressed on a centrifugal with advantage. The re¬ 
maining reduction slocks and those from the fourth break arc handled 
on centrifugals with covers ranging from 10 to 13 silk. There is a 
conventional X and Y scratch system with X and Y purifiers. A roll 
tails arc purified. Tray separations, and in some cases tails, from 
middlings and fine semo purifiers, and from X and A purifiers, are 
dusted in a centrifugal, affording a small quantity of '‘TINS” flour, 
before passing to tins purifier, which grades stock to E, F, and K 
(fourth middlings, first tailings, and sixth middlings) rolls, respectively. 

The mill is normally equipped throughout. It has 13 reductions 
(to Af) of which j 52, E, and J (“second quality” or fine tailings, first 
tailings, and second tailings, respectively) arc the customary second, 
third, and fourth quality coarse reductions (using the convenient 
terminology of J. F. Lockwood’s discussion of the Reduction System in 
Flour Aiming, 1945). D and E (third and fourth middlings) are fine 
rolls following C and B 2 ; G and II (fourth and fifth middlings) are the 
next group of fine rolls, following F; while K, L, and AI (sixth, seventh, 
and eighth middlings or first low grade) are successive fine rolls follow¬ 
ing J. There are no detachers. Material from the last break, after 
treatment in the IV Bk purifier, passes along with that from Y purifier 
to each of the coarse rolls, B 2 , F, and J. The IV Bk dunst goes to K, 
as also does “Tins” dunst. The only reductions having fluted rolls at 
the time of the test were J (the lowest grade coarse roll) and L, each of 
which had 40 flutes per inch and 22:1 (liffercntial. It should be noted 
that L also received pollards (approximately “shorts”: second scalp- 
ings from the last break); in that way L and AT include the functions 
of a and ^ 2 * 

Analytical Methods 

The quantities of the individual flours liberated by each of ihcbo 
stages in the milling process (expressed as percentages of the wheat) 
are shown in the second column of Table I. These are based upon 
timings made by the mill staff. The last 10 columns of this table 
show the results of chemical analyses using the following methods: 

Ash was determined by incinerating a 5 g sample overnight in a silica 
vessel at 600®C and the resulting ash weighed. 

Fiber was determined by the method officially used for National flour 
in Great Britain as recommended by the Analytical Methods 
Committee of the Society of Public Analysts (1943). 
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Fat was dotorninuHl h\ cxtraclUMi under a reflux condenser with l>oiIinj> 
petroleum cihvv (H.P. 4(r 60°("). 

Thiamine \v*is <leternnne<l a^s recommended by Nicholls, Booth, Kent- 
Jones, Amos, and Ward (1942) and Booth (1942). 

Riboflavin assiiys wt*re conducted according to the method of Barton- 
Wrij>ht and Booth (1943). 

Nicotinic A( id was determined by the method of Barton-Wright (1944). 
Nitrogen was determined by the Kjeldahl-Gunning-Arnold method, 
i\.().i\.(\ (1940) and connected to protein by the factor 5.7. 

Iron wavS determiiuxl by a method based on the work of Cowling and 
Benne (1942), Koenig and Johnson (1942), and Say well and Cun¬ 
ningham (1937). 'fhe color of the ferrous o-phenanthroline com¬ 
plex was measured with a ‘‘Spekkcr** absorptiometer, using Ilford 
No. 604 filt(Ts and 4-cm. cells. 

Manganese was determined as i)ermanganate after oxidation with 
IxTvSLilfate and silver nitrate. The method is based on the work of 
High (1945) and Richards (1930). Ilford No. 604 filters and 4-cm. 
cells were used. 

Phosphorus was determined by the method of Allen (1940) with the 
substitution of 2 ml of SN sulfuric acid solution for the 2 ml of 60% 
perchloric acid. Ilford No. 608 filters and 1-cm. cells were used. 

The line next to the lowest in Table I shows the weighted average 
composition of all products, in comparison with the determined figures 
for the wheat set out in the bottom row. The comparison is clearer in 
Table II, which also shows the ix^rcentage deviations. The satis- 


TABLE II 

Comparison of AvER.uiK Analyses of All Products 
WITH Values Determined on Wheat 


('onipoiUMtt 


Ash, to 
Fil)cr, 

Fat, 

Thioinim*, 

Riboflavin, mr/r 
N icotinic acid, mr/r 
P roloin, % 

Iron, mg/100 g 
Manganese, mg/100 g 
Total phosphorus, % 


I>('totminattou on 
wluMt 

1.51 

1.97 

2.03 

3.87 

1.28 

57.2 

12.37 

3.14 

3.41 

0.321 


Weighted .ivoidge 
oi nil jnoducts 


1..56 

1.97 

2.01 

3.81 

1.18 

59.8 

12.31 

3.49 

3.34 

0.322 


PerceataRe differ¬ 
ence 1 


+3.3 
0.0 
- 1.0 
- 1.6 
-7.8 
+4.5 
-0.5 
+ 11.1 
- 2.0 
+0.3 


» Calculated on the valuen lor wheat. 


factory nature of the sampling and timing (i.e., figures for percentage 
weights of the various streams) is shown by the fact that the deviations 
are spread each side of zero. 
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Iron Content of Flour 

Having regard to the stiindards of accuracy in the various analytical 
methods the only serious, or, rather, significant, deviation is that of 
iron. This figure is knou n to be <'onsidorably <ilTected throiigli contact 
of materials with iron machinery, and it is conceivable, though perha])s 
surprising, that the 11% increase in iron content, from wheal to pro¬ 
ducts, may be due to entry of iron particles and dust during processing. 
At first sight the chilled iron rollers of a flour mill might be expected to 
contribute to the iron content of roller-milled flour, since their working 
life is by no means indefinite. 

According to Mr. J. F. Lockwood of Messrs. Henry Simon, Ltd., 
in mills running 6,000 hours annually, fluted rolls were ('hanged on the 
average every two years before the war, because wear on the eflgcs of 
the teeth had altered the shape of the flutes. Rolls in mills with long 
surfaces might last 50% longcT, short surfaces considerably less. 
Flute depths in common use vary between 0.0182 and 0.009 inch. 
No great increase in rale of wear has occurred under war conditions, 
except that reduction rolls fluted 35 and 40 per inch have required more 
frequent refluting, as they have frequently been set up in contact. 
Even in these cases the reduction in the roll diameter <luring work is 
not more than 3 or 4 thousandths of an inch per year. Reduction 
rolls with smooth surfaces run for very many years with a wear of less 
than three thousandths of an inch. 

Assuming that the wear of a smooth rc<luclion roll is 0,003 inch 
per annum (three one-thousandths in 10 years) it may be calculated 
that, for a reduction roll surface of 60 inches per sack, the liberation of 
metallic iron might raise the iron content of the total flour made by 
0.007 mg per 100 g. It is rather more difficult to calculate a i^robablc 
contribution from fluted rolls, but assiiming that 0.0025 inch is actu¬ 
ally worn off every flute per year, the contrilnition of iron from a total 
break roll surface of 40 inches i)er siick to the total flour milled would 
be only 0.0013 mg per 100 g. 

Scrapers used on smooth rolls wear appreciably. In the experience 
of Mr. T. S. Parker, of Messrs. Henry Simon, Ltd., the wear amounts 
to I inch in 20 years. Such scrapers average about ^^2 i^^ch in thick¬ 
ness. On this basis the contribution of metallic iron to the total flour 
milled would be only 0.0002 mg per 100 g, for 60 inches of smooth roll 
surface per sack. 

The total contribution of metallic iron from all rolling operations is 
^herefore unlikely to exceed 0.01 mg per 100 g. This is less than one 
thirtieth of the difference actually found in the present series between 

2 Private communication. 
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the wheat and the total products. The diftcrencc actually found, viz., 
0.53 mg per 100 g, on the basis of 7000 lbs. per hour of wheat milled 
(as in the mill under discusvsion) would amount to lb. per hour of 
metallic iron or sa> ] lb. per da^', or IJ cwt. per year. This seems 
large, but can hardly be ruled out as impossible, since much wear must 
take place in worm conveyors, elevators, spouts, and cleaning machines. 
It is these rather th<in the actual roller mills that would seem to be the 
main contributors of metallic iron to the flour and offal. 

It is also conceivable that the discrepancy originates from frag¬ 
ments of iron, entering with the grain, which pass into the screenings. 
These might be missed in sampling the wheat but would be reintro¬ 
duced to the Fine Offal with the ground screenings. 

Color and Nutrient Content of Streams 

Th(‘ main commercial consideration in flour has always been that of 
color and in Table I the various flours have been arranged in that re¬ 
spect. ^'t'olor,*' as discussed here, is that of the wetted Pekar slide^ as 
customarih usc^d in commercial i)ractice, and not the **color score,’’ 
which has proved so useful in classify ing long-extraction (straight-run) 
flours. The latter is a measure of content of discrete bran specks, and 
is applied to straight-run flours from different mills. It is not directly 
aj^plicable to the present series, where the individual streams vary^ 
greatly in degree of fineness of the contained bran. The order of ar¬ 
rangement in 'Fable 1 is quite familiar to the miller, who ordinarily 
looks to the head reduction rolls. A, B, and C, to furnish half thq total 
output of flour, in the form of patent flour: that is, the flour of creami¬ 
est and cleanest color (freest from bran specks). The next group of 
flours listed adds just over a third, making altogether 84%, of the total 
oiiti)ut of flour, and has color appreciably and progressively poorer 
(mor<‘ gre> ish, more speckyO than the patent group, but none of its 
members is poorer than the National, or 80% straight run, flour (see 
the "Pivotal Linc‘” in 'Fable I). Below this line lie the "brown” an<l 
the "dark-brown” groups, making about 10% and 6% respectively of 
the total flour output. Of these the dark-brown group in entirety 
would have entered the weatings or offals in prewar white flour milling, 
while some of the brown group would not have been quite so brown, 
principally because less severe work would have been done in the 
earlier parts of the milling system. Moreover, for the same reason, 
the upper groups themselves would have been fractionally better in 
color and lower in ash content. The top three flours (-4,5, and C; 
making up about half the total flour) are, as a group, from 0.05% to 
0.1% higher in ash than corresponding flours from ordinary prewar 
(70% extraction) milling. Most of the remaining flours, down to 
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Group 3 in Table I, are higher in ash, b} between O.l and 0.2%, Ilian 
corresponding prewar Hours, Thus a Hour corresponding to 70% of 
the wheat, made b\ excluding the darkest lO.S^V Hour streams 

of Table I, should b^ calculation conhiin 0.4<//(j ash, which is almost 
0.1% higher than that of a goo<l prewar 70^‘{, Hour, A 70% flour 
actually made a little later in this wa>, b> excluding the bottom 10% 
of the National flour, gave the following analytic<il figures: 

\hh 0 51% 

1'hiamine 1.05 

Fiber 0.15% 

Table 1 shows how well the ash content correspontls with the rela¬ 
tive placing of the flours according to color. This is not surprising, 
for ash content has been long recognized as an effective means of 
characterizing various grades of flour in commerce. Only two flours 
are really out of place in the double ranking (i.e., according to color 
and to ash content), viz. B 2 , roll flour and the first break flour. B 2 is 
exceptional in being the first of the tailings or lower grade coarse rolls, 
i.e., it operates on a feed containing a fair amount of germ which has 
been flattened in the preceding higher grade reductions. B 2 roll flour 
therefore is the first flour to contain an appreciable proportion of germ. 
At the same time, its speckiness or bran content is slight because the 
feed to B 2 roll, though germy, is not very branny —hence the rise in 
thiamine, fat, riboflavin, nicotinic acid, and ash, etc. (in all of which 
the germ is more or less rich)—^while the fiber content (reflecting bran 
content) is not appreciably increased. The first break flour is opposite 
in that it has lower ash content than its appearance would indicate. 
This flour contains substantially no germ, as indicate<i by th(' very low 
thiamine figure, but does contain an appreciable amount of bran 
powder—shown by the rise in the fiber figure, which, incidentally, is in 
the right place in the ascending order of the 'rablc. 

Table I shows that, in general, the content of nulrumls rises with 
falling color (and also with falling baking quality, discussed in a l*it<*r 
section). The dark-brown group as a whole is much the richest in 
nutrients. In certain general characteristics the trend accords with 
that found by Jackson, Doherty, and Malone* (1943) in their analyses 
of the mill streams of a large Canadian mill, which was milling all- 
Manitoba wheat to a flour extraction of 74%. Their riboflavin and 
nicotinic acid values for the wheat itself were very similar to those of 
the present wheat mixture, but the thiamine content was higher 
(4.53 as against 3.87 Mg/g). The ash content of their various grades 
of flour, up to a total extraction of, say, 70%, ran lower than the pres¬ 
ent values substantially in the manner described above. Despite 
this, their nicotinic acid values for the patent flour (top 37% of 
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wheat), for the next grade (first baker’s, bringing the total length to 
63%) and for the third grade (second baker’s, to 70%) were, respec¬ 
tively, very similar to those shown in Table I of this article for cor¬ 
responding grou])s of flours. On the other hand their thiamine and 
riboflavin figures were both relatively higher in the top (patent) grade 
but lower (thiamine, considerably; riboflavin, slightly) in the two 
lower grades. 

In Table I the flours from the tailings, or lower quality^ coarse, rolls 
show sudden steps upward in thiamine content—^at B 2 , F, land J — 
because these arc points of concentration and re-entry of germ. With 
a system entirely of smooth rolls, the flours from the group of line 
reductions immediately following a given coarse roll would be ex¬ 
pected to show no downward trend in thiamine, because the dunsts 
from the coarse roll feeding them would also be rich in germ. Thus 
II flour is as high as F flour in thiamine content. Usually, however, 
there is dilution of the feed to such fine reductions with fresh material 
from the break sy^stem or from earlier fine reductions. For example, 
G also receives fine middlings from the early breaks and dunst from £, 
which lower the nutrient content of its flour (and as every milling 
student knows, improve its appearance or grade), K is similarly 
affected, relatively'’ to /, by dilution with dunst from the fourth break 
and from IL When, however, a low-grade coarse roll is fluted (cf. 
J roll in the present series), its flour shows a markedly high thiamine 
figure, owing to the greatly increased breakdown of germ at that 
point. 

The break flours generally arc very low in thiamine content relative 
to their color position and (possibly apart from the last break flour) 
contain practically no germ. Their high content of certain nutrients 
is duo to their ])rogressivcly increasing content of bran (as reflected in 
the fiber figure) an<l, more im]>orlcint, of endosperm from the peripheral 
portions of the* grain. 1'his endosperm has been shown (Moran, 1945) 
to be high in iron, nicotinic acid, and protein. This explains the 
fluctuations in the nicotinic acid figures in Table I. Outer endosperm 
enters, progressively more markedly, into the 11, 111, and IV break 
flours, and to some extent (as would be expected since scratch rolls 
resemble fine break rolls) into the scratch roll flours X and Y. It also 
affects the nicotinic acid value of L flour because, as mentioned, this 
roll receives pollards (**shorts” or fine bran), and it appears that, 
possibly partly for this reason, the last reduction, or M and M re- 
dresser, flours contain considerable proportions of outer endosperm. 
The nicotinic acid content of bran itself is relatively very high and 
this itself accounts in part for the nicotinic acid levels at the points 
mentioned. 
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The level of protein content is interesting in that it is aflected in two 
ways. The outer endosperm is rolativcK high in protein content 
and the germ is exceptionally high (over 30%). The first factor ac¬ 
counts for the quite high level (16-16.5%) reached in the third and 
fourth break flours, while the second accounts lor the very high level 
of the very germy flours, e.g., J (17-18%). When outer endosperm 
appears to be present as well as germ, the figure becomes higher still, 
as in M redresscr flour (19.2%). 

Riboflavin appears on the whole to be wc^ll related to <ish content 
(and to order of color). 

The fat data deserve consideration especially in connection with 
those for thiamine. To begin with it appears that the outer endosperm 
must be very high in fat content. This must be iissumed, in order to 
account for the relatively high fat contents of the later break flours 
which contain little or no germ. It is again in keeping with the high 
figure (the highest fat content shown in Table I) for the M redresser 
flour, already assumed to contain outer endosperm. 

Germ itself contains at least 10% of fat (extracted with petroleum 
ether). Table F indicates thi\l: the main or inner endosperm from this 
grist, in relatively pure condition, has a fat content of about 0.9%. 
One would expect therefore the excess over 0.9% of the fat content of 
any given flour to be connected with the proportion of germ contained 
in it, and therefore to its thiamine content. So far, however, nothing 
has been said about the two subdivisions of thei»erm, viz., the scutellum 
and embryo. In this paper the term ^^ernbryo’" will later be used, 
purely for convenience, to denote what should stiictly be termed ^The 
part of the embryo other than scutellum” (i.e., the dormant root, stem, 
and plumule). As shown by Hinton (1943, 1944) the former is the 
main seat of thiamine in grain, having a thiamine value of about ISO 
jug/g while the embryo has only about 9 Mg/g. It is probable that the 
scutellum contains more fat tlian the embryo (Hinton, 1944), but the 
fat content of both is high. Any flour which contains much more 
scutellum than embryo should therefore have a relatively high ratio 
of thiamine to fat, and vice versa. It is interesting to inspect Figure 
1, which shows the thiamine values for the various siimples of Table 1, 
plotted against fat contents. Only in a general sense does thiamine 
rise with fat content, as shown roughly ‘by the straight line drawn 
cutting the horizontal axis, as seems natural at about 0.9%. Points 
for some flours lie well above and some below this line. It is suggested 
that the former flours contain a more or less high ratio of scutellum to 
embryo, and the latter a low ratio. The outstanding case, of course, 
is J where the ratio of scutellum to embryo must be particularly high. 
It is significant that J is the first fluted roll in the reduction system of 



1«46 


(' R lONRS ANb T MOK \N 


259 


this mill. This confirms the value of finely fluted rolls for reducing 
scutollum, <ib stressed Kent ei ah (1944). The graph also indicates 
that each of the (lours from the tail end of the reduction system {K 
and onwards) is rich in scutellum relative to embryo, while the reverse 
is the case with the germy flours from earlier in the system, e.g., 3% and 
F. It would be very interesting to see where the point in the graph 
for F flour would lie in a similar mill having fluted F rolls. 



'Phe phosphorus and iron content follows the ash content closely 
('Fable 1). Manganese, however, follows the germ content more 
parlicultirly, which is to be cxiKJCted, since W. J. S. Pringle in these 
laboratories finds that the manganese content of the grain is relatively 
highly concentratc^l in the germ. Thus in the present data though 
the proportion of manganese is less than half the iron in the pure 
endosperm (e.g., A flour), yet it tends to reach or even to exceed the 
figure for iron in the germy flours. 

Baking Tests 

Baking tests were made employing absorptions determined with 
the instrument developed by Halton and Fisher (1937). These ab¬ 
sorptions (calculated to a 14% moisture basis) and the heights of the 
1-lb. loaves baked are shown in Table HI. The system used 4 hours’ 
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Af 67.9 2.4 35-55 2,8 

MRE 84.3 2.4 35-55 2.8 

National 61.8 5.0 Good extensibility and spring. Flour was bleached; gave a grey- Larger loaf and more open and 

Flour slightly sticky. ish-white crumb color. woolly than groups I to IV in¬ 

clusive. 
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fermentation (including final proof) at 80°F (26.7®C), with 1.3% 
yeast and 1.8% salt. The doughs were made and molded by hand 
throughout. 

The samples arc arranged in Table HI <iccording to the color of the 
loaf crumb. They fall into four broad groups (the second of which 
consists of two subgroups), well differentiated from one another. 
Group 1, with pale cream color, and Ciroup 2, with deep cream crumb 
color, substantially reproduce the order of the first two groups of 
Table I (which was based upon flour color), except that (1) E flour 
comes up into the top group and B 2 moves down to the second group; 
(2) the order of the I and II Bk flours is interchanged; (3) the tins 
flour is brought up into Grouj) 2. Group 3, in Table III, corresponds 
with the brown group of Table I; the III Bk flour, however, comes out 
at the top of this group on the score of crumb color, (iroup 4 includes 
members of the dark-brown group of Table I, none of wliich makes 
anything approaching acceptalkie brca<l when baked alone. 

The last three columns in Table III are of special interest as show¬ 
ing the different responses to improver treatment of these various 
components of the National flour. The first two groups require no 
more than light treatment and of their members the ear^” break flours 
(and middlings dresser flours, which arc really brctik flour), G and 
show considerable response. The third groui> as a whole requires 
heavy treatment and responds markedly (the fourth break flour, as is 
well known, being outstanding in its response to improver treatment). 
The members of the fourth or dark-brown group show slight improve¬ 
ment and require very heavy dosage. 

This work has been carried out on a mixed grist. 1'hough no 
consideration of possible segregation of the components (Manitoba 
and English) in the milling procc*ss h<is be(m attempted, it is believed 
that the differences recordcxl arc due mainly to the interi)Iay of the 
different parts of the grain in the ways discussed rather than to segre¬ 
gation of particles from hard and soft wheats. 

Summary 

Proportions and composition (protein, ash, liber, fat, thiamine, 
riboflavin, nicotinic acid, iron, manganese, and phosphorus) are given 
for each of the 23 individual flours which compose a National flour of 
80% extraction and good color, and for the corresponding offals. The 
weighted averages agree well with the corresponding figures for the 
wheat (60% Manitoba, 40% English), except in the case of iron, where 
the amount in total products exceeds that in the wheat by 11% of the 
value; considerations of known extents of wear indicated that this 
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catry of iron must have occurred in a part of the plant or process other 
than the actual roller-mills. 

I'he spirial measures generally adopted in milling 80% flour in 
Britain an' briell}^ described, regard being given to differences between 
American and h-nglish technical terms. The streams composing the 
best (or “pat<‘nt’') h<ilf of the 80% flour have 0.1% fiber content and 
ash content not exceeding 0.43%: this ash content is from 0.05 to 0.1% 
higher than that of corresponding flours from ordinary 70% extraction 
milling, "fhe difference becomes greater with the lower grade flour 
streams. 

The asli <md tiber contents of the flour streams in general accorded 
well with the placing according to color. The best 12 of the streams, 
amounting to 84% of the total flour, were all superior or equal to the 
National or 80% straight-run flour in color and, generally, lower or 
not higher in content of ash, fiber, B vitamins, iron, manganese, and 
phosphorus. When untreated or with only light improver treatment, 
these flours luid the best baking quality. The remaining flour streams 
fell substantially into Ivio groups, the brown and dark-brown, com¬ 
prising 10% and 6% n'spectively of the total flour, with markedly 
rising ('ontents of ash, filxT, and all nutrients. The latter group, much 
the richer in nutrients, would in 70% extraction milling pass entirely 
to offal while some members of the brown group would have been less 
brown. M<‘ml)ers of the dark-brown group, individually, have very 
poor baking quality, though in the total flour they arc “carried” by 
the general strength of the grivst. They show very great tolerance to 
improvers, Jis exemplified by bromate, though the response is disap¬ 
pointingly small. 'Polerance is less, though still great, in the brown 
grouj) but here the resiK)nse is marked. 

'Phe thiamine values for the st'ries of streams show marked in¬ 
creases in th(‘ flours from the tailings, or low-quality coarse, rolls bc'- 
caiise these n'pn'sent points of concentration of germ. 'Phese increases 
are particularly marki'd wIumi such rolls arc fluted (in accordance with 
l)n\s('nt gent'ral Britisli practice); for example, in the pn'sonl scries tlu' 
Jf or st'cond tailings, roll was the first fluted reduction roll and the 
flour sift('<l from its grind (J flour), amounting to 1.4% of the wheat, 
had a thiamine content exceeding 30 fjtg/g. 

The break (lours contain little or no germ. Their relatively high 
content of some nutrients, especially nicotinic acid—^progressively 
greater in approaching the later breaks—^is due to increasing content 
of bran powder, and, more important, of outer endosperm. This, 
while not particularly rich in thiamine, is very rich in nicotinic acid, 
protein, iron, and fat. The later break flours are thus high in protein 
and in fat iK'oausc they contain much outer endosperm, while the later 
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reduction flours arc high in protein and fat because they contain much 
germ. In the last reduction (sc'cond low-grade) flour of the present 
mill, both germ and outer endosperm ju-e present and protein and fat 
both reach maximum values. 

In this series of flours the relationshii) belween fat and thiamine 
content is not a close one. 'I'hLs is to lx* <>xpec(ed, not only from the 
disturbing eflcct of the outer endosjwrm (rich in fat but not in thi¬ 
amine), but also bcaiuse thiamine is mostly concentrated in the 
scutellum, while both scutellum and nonscutellum parts of the emliryo 
are rich in fat. The latter enters preferentially into some of the flour 
streams whereas in others, jiarticularly towards the end of the reduc¬ 
tion system, the scutellum enters preferentially. 

Any or each of the three—germ, outer cndosijerm, and bran—may 
contribute to the ash content of the individual mill streams. The 
riboflavin, phosi)horus, and iron values follow the ash contents, but 
the manganese values follow more particularly the contents of germ. 
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USE OF SPRAY-DRIED WHOLE-EGG POWDER 
IN SPONGE CAKES ^ 

Ruth Jordan and Margaret S. Pettijohn 

Department of Home Economics, Agricultural Experiment Station, 

Purdue University, Lafayette, Indiana 

(Received for publication January 24, 1946) 

The purpose of this investigation, one of a series on the use of 
spray-dried whole-egg powder in cookery, was to study the leavening 
property of dried eggs and to develop a practicable method, if possible, 
for making acceptable sponge cakes from the whole-egg powder. 

Jn sponge cakt's, eggs serve as a leavening agent by incorporating 
and retaining air when beaten. They exert a binding effect, serving 
to maintain the cell structure of the batter during the baking process, 
and thus helping to impart lightness and characteristic texture to the 
cake. They also give flavor and color to the cake (Bennion, Haw¬ 
thorne, and Batc-Smith, 1942). 

The leavening power of eggs depends not only upon the amount of 
air which can he. incon)orated during whipping, but also upon the 
strength of the foam produced (Hawthorne and Bennion, 1942). A 
foam of suihible stability, if deftly handled while the flour is being 
incorporated, allows the air to remain in the batter during the final 
mixing and baking, and the resulting cake will be light, tender, and of 
good volume (Pyke and Johnson, 1940). If the foam is not sufficiently 
strong to support the flour, the finished cake will likely be less tender 
and have smaller volume (Hawthorne and Bennion, 1942). 

Since the age and quality of eggs, the temperature of beating, and 
other factors affect the rate at which egg-sugar foams or meringues 
are formed when eggs and sugar are beaten together, it has been sug¬ 
gested that specific gravity determinations and not time should be 
.used to indicate when a batter is beaten sufficiently if cakes of high 

* Journal Paper No. 243, Purdue University Agricultural Experiment Station. 



266 


SPR VY-1)RIK1) W POWDKK IN CAKES 


Vol 2 } 


quality and uniformity arc to be obtained (P\ke, 1941; Pyke and 
Johnson, 1940, 1941). 

A few reports on the vvhippint; and baking l)r()perti<\s of dried 
whole-eg^ powder liave appeared in the literalun^ lieiinion, Haw¬ 
thorne, and Bate-Smith (1942) found a correlation between the volume 
of the egg-sugar foam and the quality' of the sponge cakes baked from 
the foam. They rei)orted that, in general appearance and volume, 
cakes made with dried egg plus a secondary aerating agent were only 
slightly inferior to cakes made from frozen eggs. They concluded 
that by slight alterations made in usual baking procetiures, good qual¬ 
ity spray-dried whole-egg powder, properly ])repared and stored, 
could be used to produce^ sponge cak(\s of medium to good quality, 
even witliout the addition of a second aerating agent. They observed 
that better results were obtained when a temperature of 100°F (37.8®C) 
was used for beating the egg-sugar-W'^aler mixture than when the beat¬ 
ing was done at 65°-70°F (18.v^®-21.1®(')- Hawthorne and Bennion 
(1942) made a more extensive study of the influence of temperature 
upon the beating and baking properties of spray-dried egg. They 
found considerable improvement resulting from the use of higher 
temperatures than are usually employed in commercial practice. 
Both the volume of the foam and the rate of formation of the foam 
were increased by beating the reconstituted egg with sugar at the 
higher temperature. Using a temperature of 104®F (40°C), 5 to 10 
minutes of beating yielded as large a volume of foam from a given egg 
sample as 20 to 30 minutes beating at 64*^F (17.8°C). In some cases, 
still greater improvement in the formation of the foam resulted from 
using temperatures around 120®~122®F (48.9®;S0®U) for whisking, 
provided additional water was added to the egg-sugar mixture before 
mixing to compensate for evaporation during beating. Thobc in¬ 
vestigators concluded that, by choosing suitable conditions, it should 
be possible to make first-quality sj)onge cakes from almost any sample 
of spray-dried egg, although some special equipment might be luws- 
sary in bake shops. 

Woodcock and Reid (1943) used the volume of sponge cakes made 
from various egg powders as one measure (among many others) of 
assessing the quality of powders prepared under different drying 
conditions. 

Reid and Pearce (1945) in a study of the relationship of various 
objective tests to baking quality of dried whole-egg powder found a 
high correlation (r = -f 0.96) between foaming volume of the powders 
and loaf volume of small sponge cakes baked from the same powders, 
when prepared under the conditions of temperature and humidity 
used in their experiments. 
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Materials and Procedure 

For the hrbt exploratory work in which 83 cakes were baked, the 
egg powder used w<ib spray-dried whole-egg powder of good quality 
which conformed to the 1944 specifications of the War Food Adminis¬ 
tration as to moisture content. For the remainder of the study, there 
was available low-moisture powder which was produced according to 
1944 U. S. Army specifications. This low-moisture powder came 
packed in No 10 tin cans, and each was labeled with the date of dry^- 
ing. As soon as the egg powder was received in the laboratory, the 
date of receipt was recorded and the powder was placed at once in a 
refrigerator maintained at about 40°F (4.4°C). When a can of the 
powder was opened, the contents were placed in quart glass jars and 
tightly covered. The egg powder was kept in the refrigerator until 
used. 

The other ingredients used in each series of cakes were as nearly 
identical as i)ossible. The granulated sugar for all the cakes came from 
the same lot, as did also the salt; cake flour of the same brand was 
used throughout, and for any^ given series it came from the same lot. 
Tap-water was used for reconstituting the egg powder. 

The temi)erature of the ingredients was controlled as much as 
feasible. Records were kept of the temperature of the laboratory, of 
the foam, and of the batter. 

Objective measurements made included the specific gravity of the 
egg-sugar foam and of the finished batter; the weight and voluitie of 
each cake; and the tensile strength of slices from the cake. The 
volume was determined by seed displacement, using a method similar 
to that described by King, Morris, and Whiteman (1936). The tensile 
strength determinations were made with an apparatus similar in de¬ 
sign to the one used by Pyke and Johnson (1940). Slices used for 
tensile strength measurements were cut from the center of the cake; 
each was cut 2 cm thick and trimmed and cut into an hour-glass shape, 
the width of the center of which was 2 cm. The tensile strength 
readings were recorded as grams of force required per square centi¬ 
meter of cross-section area to break the slice of cake. 

The pH of the batters was determined in one series of cakes, a 
Beckman pH meter with glass electrode being used. 

The beating and mixing were done for the most part on an electric 
mixing machine, using a wire whisk and 4-quart bowl. In the ex¬ 
ploratory work, an electric mixer with the blade type rotary beater 
was used, but, since the mixer with the wire whip seemed to produce a 
better foam and required less time for beating, it was used in all later 
experiments. 

The cakes, except in a few special cases, were baked in pans 
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3^ X inches at the bottom, 4J/| X 6 inches at the top, and 2)4 
inches deep. The weight of batter baked in each ])an was 175 g. 
Thermostatically controlled, ventilated gas ovens w(‘re used for baking. 

In the exploratory experiments, the effect of diffiTcnt proportions 
of flour and sugar (within ranges found in standard recipi^s for fresh 
egg sponge cakes) to a given weight of egg powder was noted; the 
effect of various initial temperatures of ingredients upon the speed of 
foam formation was studied; and the specific gravity of foam and of 
batter which produced the better cakes was observed. As a result 
of these observations the following formula was tentatively set up for 
use in more detailed studies: C'ake flour, 40 g; granulated sugar, 70 g; 
whole egg powder, 26.2 g; salt, 0.5 g; cream of tartar, 0.5 g; water, 95 
to 105 ml. 

Series J. In this series of more than 120 cakes, the following 
variables were studied: Three levels of water (95, 100, and 105 ml); 
two baking temperatures (375‘’F []190.6®C] for 19 minutes, and 400^F 
[204.4°C] for 15 minutes); and five levels of cream of tartar (0.0, 0.5, 
1.0, 1.5, and 2.0 g). 

The relative quality of the cakes was judged organoleptically by 
observing the grain, lightness, moist ness, and flavor of samples; and 
objectively by the measurements of volume and tensile strength. 
Analyses of variance of the data were made in order to determine the 
relative importance of the variables used in the formula and in the 
manipulation. The correlation coefficients between specific gravity 
of the finished cake and that of the foam and of the batter were 
calculated. 

Having established, through the experiments in Series 1, some of 
the conditions for making an acceptable sponge cake from egg powder, 
still further improvements were sought. A modified .sponge cake 
formula, including baking powder (a cream of tartar baking powder), 
gave promise of som<' improvemenl. Hence*, a series of cakes was 
baked studying this factor. 

Series Ila, A factorial experiment was set up in which three levels 
of cream of tartar and three levels of baking powder (0.0, 0.5, and 1.0 g) 
were used in all combinations, making a total of nine formulas. Since 
it was not feasible to bake more than five cakes in one baking period, 
an incomplete block design was used for the experiment. Ten replica¬ 
tions of each cake were made; there was a total of 18 blocks of five 
cakes each, and each cake was baked in a period with every other cake 
five times. The order of the blocks and the order of mixing cakes 
within a block were selected at random. Determinations of volume 
and of tensile strength of the baked cakes were made and the data 
analyzed for statistical significance. 
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The formulas and the method of mixing for this scries of 90 cakes 
were as follows: 

BASIC FORMULA FOR SPONGE CAKE 


Flour, cake 40 

Sugar, granulated 70 g 

Dried egg powder, low-nioislui c 26.2 g 

Stilt 0.5 g 

Water, lap 95 ml 

Lemon extract, i i teabpoon 


The combinations of cream of tartar and baking powder were as 
follows: 


key to tonnula 

Cream ol taitai 

Baking po^^dci 


S 

g 

B 

0.0 

0.0 

C 

0.0 

0.5 

D 

0.0 

1.0 

E 

0.5 

0.0 

F 

0.5 

0.5 

G 

0.5 

1.0 

H 

10 

0.0 

A 

1.0 

0.5 

I 

1.0 

l.O 


The egg powder used for this series was dried in February, 194S, 
and used during March, April, and May following. 

The procedure for mixing and baking was as follows: 

(1) The sugar, egg powder, salt (and cream of tartar, if used) 
were sifted together into the mixing bowl which was placed in a pan 
of hot water, double-boiler fashion. These ingredients were mixed 
and stirred until warmed to a temperature of 104®F (40®C). 

(2) The 95 ml of water at a temperature of 176®F (80®C) were 
added all at once to the dry ingredients in the bowl and the mixture 
stirred lightly. The temperature of the resulting mixture was near 
140'*F (60®C). 

(3) The mixing bowl was at once attached to the electric mixer 
and whipped (using wire whip attachment) at high speed for 30 sec¬ 
onds. The flavoring was added, and the whipping continuc^l at high 
speed until the meringue rcache<l a specific gravity of 0.270 to 0.306. 
(The time necessary to reach this point varied from 3.5 to 7.5 minutes 
with an average of 4.87 minutes.) The temperature of the meringue 
at the end of the beating period was usually about 86®F (30®C). 

(4) The flour (and baking powder, if used), sifted once, was added 
all at one time to the egg-sugar foam. The mixer was started at low 
speed, and the flour was mixed into the foam for a period of 30 seconds. 
The mixer was stoppecl, the bowl scraped down, and then the mixing 
continued at low speed for another half-minute. The mixing was such 
that the specific gravity of the batter was 0.342 to 0.378. 
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(5) The batter—175 g—was poured into an ungreasecl pan. 

(6) The cake was baked for 19 iniiuilcs in a v^75®F oven. 

The cake was cooled and left in the inverted pan ovcTiiighl. I'lie 
following day the volume and tensile strength nieasurements were 
made. 

Series Ilb. When the pi 1 meter Ix^canie <ivailable for use, a series 
of 45 cakes was baked, five cakes being made !)>' each of tlu* nine 
formulas used in the series of 90 cakes. Tlu‘ pfi of the batters was 
taken in order to note an> relationship which might l)e api)cirenl be¬ 
tween pH*of batter and quality of the cake. The egg powder used in 
this series was dried in \pril, 1945, and used in Jul\ following. 

Supplementary Group, A group of miscc*ll<ui(‘Ous (Mkes was baked 
in which ingredients were measured instead of weighed, and in whicli 
some cakes of family size were baked. Some fresh egg cakes were 
baked for com])arison. 


Results and Discussion 

In the preliminary work, it was observed that if the temperature of 
the egg-sugar-watcr mixture was around 14()®F (60®C') at the begin¬ 
ning of the beating period, a lighter and more vstable foam was formed 
and a much shorter beating time was required than if the ingredients 
were at room temperature, 70®-77®F (2l.l°-25®(’). 'Phis observation 
was in agreement With the findings of Hawthorne and Bennioa (1942). 

The cakes in Figure 1 illustrate the efTect of temperature and time 
of beating the foam upon the quality of the finished eake. Cakes 1, 

X, and Y were made with the same proi^orlion of ingredients. Tlu^ 
<^gg-sugar-water mixture for Cake 1 was at a temperature of 140'^h' 
(60®C) when beating W£is started and the tim(‘ of l:)ealing required to 
produce the foam of satisfactory specific gravity was 5.5 minutes. 
For Cake X, the ogg-sugar-waler mixture was l)eaten at room tem¬ 
perature for 5.5 minutes, and, in that length of lime, no satisfactory 
foam was produced; consequently, the cake wa^s a failure. I'or ('ak(' 

Y, the egg-sugar-water mixture was bt'aten at room temperature foi' 
IS minutes, but, even after that length of time, the foam was not as 
light as for Cake 1 and, consequently, the resulting cake was mol of as 
great volume. The formula for Cakes 1, X, and Y included 1.0 g 
each of cream of tartar and baking powder. The formula for Cake Z 
had 0.5 g cream of tartar, but no baking powder; the egg-sugar foam 
was beaten at room temperature for 25 minutes. 

The effect of other variables in the formula and procedure was 
studied. From analyses of variance made on data from groups of 
cakes baked in Series I, using tensile strength measurements as the 
criterion of quality, it was found that the variance due to three levels 
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of wak'i—95, 100, and 105 ml—used in the foimula, made no&tatisti- 
ralh significant dilloionro in the cakc'b The s.ime was true of Iho 
two baking temperatures, 575°!' (190 for 19 minutes and 400®F 
(204 4°(') loi 15 minutes 'Phe eflect upon tensile strength of using 
different levels of cieam of taitai, varjmg from 0.0 to 2.0 g, however, 
was highl> significant (beyond the 1% level of significance). By 
oiganoleptic tests, cakes made wdth 95 ml water and 0 5 to 1 0 g cream 
of tartar in the formula, and baked at 375®F (190 6°C) for 19 minutes 
were generilh judged to be preferable 



Fig I Lffect of unlicil temperature of egg-sugar water mixture and time ot beating ujion quality 
ot uikcs made from dried t gg powder Cakeb 1 X and Y were made by the bame lormula which in- 
c hided 1 0 g each ol ticam oi tartar and baking powder I he lormula lor Cake Z included 05 g of 
Cl cam ol tartar but no baking powder 

Initial temperature ol 1 ime of beating 

egg siigai-watci mixture the loam 

°I mtn 


( ikt 1 

< ikt \ 
(akt V 

< lU / 


110-60 0 
75 — 

75 -25 9 
75 >59 


5 5 
5 5 
15 0 
25 0 


Tho coefficients of correlation between the specific gravity of the 
baked cake and that of the egg-sugar loam or meringue, and that of 
th^ batter, were 0 63 and 0.77, respectively. These coefficients were 
based upon records from 138 cakes. Both of the values were sta¬ 
tistically highly significant. A lower coefficient of correlation be¬ 
tween batter and cake might be expected, since a light foam may not 
always be sufficiently strong to support the flour (Hawthorne and 
Bennion, 1942) 

In Tabic I are given the averages of the measurements on the cake 
batters and finished cakes made in Series I la and lib. The 45 cakes 
in Series lib were baked from a different lot of egg powder and under 
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I\BLE I 

ULRAGt l-^SUl IS (U Ml VSllRIMIMS ON IHl CaKL BvIIIRS \NI) 
Finish! D Cvkis oi S!RI^s II 





Battei 


Kuiibhed cake 

Key 
sj mbol 

Cream of 
tartar g 

Specific guuUv 

1 

pll 

Spet ific 
giaviU 

Spet ifit 

I ensile 



I gg-‘'iifi.u 

loam 

Batter 

Noliiine' 
ci/k 

stieiigth ‘ 
«Am^ 


SfRirs iia 90 cakes 


0 0 g baking powder 


B 

0.0 

0.286 

0.376 

_ 

0,190 

5.26 

mm 

E 



0.365 

— 


5.37 

29.79 

H 

1.0 

0 294 

0.373 

— 

0.184 

S.43 

25.06 


0.5 g baking powder 


c 

00 

0.297 

0.372 

_ 

0.182 

S.49 

28.92 

F 

0.5 


0.366 

— 


5.56 

28.25 

A 


0.294 

0,359 

— 

0.179 

5.58 

24.59 


1.0 g baking powder 


D 


0.291 

0.365 

_ 

0.175 

5.71 

26.84 

G 


0.296 


— 


5.78 

25.88 

I 

1.0 



^— 

0.176 

5.68 

22,73 


SERIES xib— 45 cakes 


0.0 g baking powder 


B 

0.0 



7.65 

0 191 

5 23 

25.16 

E 


0,288 


6.29 

0 191 

5.23 

25.68 

H 


0.290 

0.362 

5.50 


5.27 

22.32 


0 5 g baking powder 


C 

■i 


0.352 

7.38 

■B 

— 

23.95 

F 


myKjiBm 

0.345 

6.40 



23.25 

A 

■■ 


0.352 

5.64 

iia 


21.45 

1.0 g baking powder 

D 



0.354 

7.22 

wm 

S.S8 

22.72 

G 

0.5 


0.342 

6.41 


5.61 

24.42 

I 

■Hi 


0.351 

5.66 

bB 

5.46 

21.99 


* Least difference in means necessary for significance m Series I la (90 cakes): 


At 5% level. 
At 1% level 


Specific volume 
014 
0.18 


Tensile strength 
146 


1.94 
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different laboratory conditions of temperature and humidity from the 
90 cakes of Series I la, yet the results were very similar. 

Tensile strength measurements are an indication of relative ten¬ 
derness; the lower the tensile strength, the more tender the cake. 
Cakes made from formulas A, II, and I, containing 1.0 g of cream of 
tartar, were the most tender both in Series JIa and I lb, as indicated 
by the lower tensile strength values. An analysis of variance on data 
from the 90 cakes indicated that both the cream of tartar and the bak¬ 
ing powder influenced the tensile strength measurements to a highly 
significant degree, but the effect due to the cream of tartar was the 
more pronounced.^ This is shown graphically in Figure 2. 



FijC 2. Kflc(t oi tIuc>o levelH ol ciedin ot tait<ir and of bakixifl; powdet upon the tcnbilc btrcnstli 
ol sponge <akes made ftom bpray-dned whole-egg powdet. 

The average voIuitk* of the cakes baked from 175 g of batter varied 
from 799 cc to 868 cc for the 90 cakes of Scries JJa, and from 802 cc 
to 855 cc for the 45 cakes of Scries lib. The average specific volumes 
(volume in cc per gram of weight) of cakes from each formula arc 
shown in Table 1. The analysis of variance showed that the variation 
in volume due to cream of tartar was nonsignificant, but that due to 
the baking powder was highly significant.® The cakes baked from the 

* The F value, or the ratio of the mean square ot the variance of the treatment to the square 

tor error, was 6S.01 tor tlic cream ot tartai, and 26 65 lot the baking powder. According to Sii^Mor s 
table ot F values (Snedetoi. 1940), the F value necefasary tor significance at the 5% level is 3.11; for 
the 1% level, 4.88. , ^ « 

* The F value tor the mean square tor the tieam of tartar was 2.36, for the baking poivder, 37.35. 
For values necessary for significance, see tootnote 2. 
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formulas D, G, and I, containins 1.0 g baking i>owclcr, were of greatest 
volume. The effect of the two variables—a'eam of tartar and baking 
powder—^is shown in Figure 3. 



I*ig. 3. Effect of thiee level** ol cream ol tartai and ot baking powder upon ilie \olume ol 
sponge cakes made from apray-dned whole-egg powder. Specific volume is evpiessed as ct pei g ot 
weight. 

The coefficient of correlation between the volume and the tensile 
strength was found to be —0.56, a value which was statistically highly 
significant, but which was not large enough to indicate that increase 
in volume is always accompanied by decrease in tensile strength (or 
increase in tenderness). For example, the cakes baked by formula (x 
were of larger volume than the other cakes, but were not as teiukT as 
some of the cakes of smaller volume, and were not so desirable from 
the standpoint of fineness of grain. 

Formula A, in which l.O g of cream of tartar and O.S g of baking 
powder were included, consistently gave cakes of fine grain, of good 
volume (though not the largest volume), an<l of acceptable tenderness 
(though not the greatest tenderness). Formula B, in which neither 
cream of tartar nor baking powder was included, usually produced the 
least tender and the smallest cakes. Formula 1, in which 1.0 g each 
of cream of tartar and baking powder was used, yielded cakes which 
were usually slightly more tender and of slightly larger volume than 
the A cakes. Typical slices of cakes made from formulas A, B, and I 
are illustrated in Figure 4. 
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formulas ranged f’^omTsolTrls^rsccT^hl'^'^n 
no aeam of tartar had average'pH •' containing 

those containing 0.5 g cream of ifV 1 7.22 to 7 6S 

1.0 R cream of -taL ’ 

a-M. fhecoeffident of correlation 



4. 


Cdkc B 
Cake A 
Cake I 


Typ«Ml calcs feted i,om f„n„„h, g, a, and I. 

Cream of tartar n , 

caking: powdci 


g 

00 
I 0 
t.O 


g 

0.0 

0.5 

1.0 


However, this low figure would’indivl i 5% level, 

o the pH of the batter tend to influeice the te'd 

^*^es made from spray-dried 
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whole-egg powder, compared favorably with corresponding measure¬ 
ments reported by King, Morris, and Whiteman (1936) and King, 
Whiteman, and Rose (1936) on c<ikes made from fresh eggs. The 
specific gravity of the batters and of the cakes also fell within the range 
advocated by Pyke and Johnson (1940) for sponge ('akes b<ike(I at 
altitudes of 0 to 2500 feet 

Typical of the famih-size cakes made from the egg powder is the 
one shown in Figure S. The formula used was three times the Formula 
I that was used in the small cakes and was equivalent to a six-egg 
sponge cake. 



Fig S Typical family-si7e bpongc cake baked from spray-dried whole-egg ixiwdei. 


The time for beating the larger amount of egg-sugar-water mix¬ 
ture to a satisfactory foam was somewhat longer. It was found ad¬ 
vantageous to add the flour gradually, rather than all at once. Baking 
the cake at 32S®F (162.8®C) for SO minutes gave satisfactory results. 

Summary 

The leavening property of spray-dried whole-egg powder was tested 
by using it for making sponge cakes. Acceptable cakes were made 
both with and without the addition of a secondary leavening agent 
(baking powder) to the formula. 

Temperature was found to be an important factor in the produc¬ 
tion of a satisfactory egg-sugar foam or meringue from dried eggs. 
When the initial temperature of the egg-sugar-water mixture was 
140®F (60®C), and beating was done on an electric mixer with a wire 
whip, a foam of suitable lightness for a small-size sponge cake was 
produced in 3.5 to 7.5 minutes of beating time. 

Cream of tartar increased the tenderness of the cakes. The addi¬ 
tion of a small amount of baking powder to the formula increased the 
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volume somewh«it and (‘ontribuled to some extent to the tenderness 
of the cakes. Hence, n modified sponge cake formula in which some 
baking powder is included is recommended for use if dried eggs are 
used for sponge cakes. 
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CHEMICAL STATE OF PHOSPHORUS IN STARCH AS 
INDICATED BY TITRATION CURVES ON 
ELECTRODIALYZED STARCHES ' 

1). R. Briggs and Martin Hanig 

1 >ivision of Agricultural Biochemistry, Minne.sola Agricultural Experiment 
Station, University Farm, St. J^uil, Minne.sota 

(Received for publicaLion Novembei 29, 1945) 

Starches from all sources, as ordinarily prepared, contain phos¬ 
phorus in small but variable amounts. There is always an amount 
of phosphorus which cannot be removed from the starch by dialysis or 
extraction with aqueous solvents. The state of chiemical combination 
of this phosphorus appears to vary with the plant source of the starch. 
Samec (1927) has been chiefly responsible for showing that in certain 
starches (e.g., potato starch) phosphorus, as phosphoric acid, is in 

I Paper No. 2262, Scientific Journal Series, Minnesota Agrlcultuial Experiment Station. 
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ester combination with carbohydrate constituents of the starch, j’iving 
to the starch the properties of a colloid electrolyte. I'hat this type of 
combination of starch with phosphorus may not exist for cereal starches 
is indicated by the fact (see Samec and Klcman, 1931) that these 
starches do not show the marked acidic properties, iii)on electrodialysis, 
that are characteristic of potato starch. Posternak (1935) showed 
that the phosphorus of potato starch, after acid hydrolysis, remained 
in combination with glucose, while the phosphorus of wheat and corn 
starches, after similar hydrolysis, was found to exist in combination 
with glycerol. Evans and Briggs (1941) found that methanol extrac¬ 
tion of air-dry corn starch removed-only about one-third of the total 
phosphorus while removing 95% of all lipid matter. The phosphorus 
removed was not identifiable as phospholipid. On the other hand, 
Schoch (1942) reported that practically all the phosphorus of wheat 
starch can be extracted with 80% dioxane and believes that most of 
the phosphorus in wheat starch is in phospholipid combination. 
Lehrman (1945) attained similar removal of phosphorus from wheat 
starch by a long-time extraction with methanol. 

The present paper reports an attempt to learn something more 
about the state of the phosphorus in potato, corn, and wheat starches 
by a study of the form of the titration curves of the exhaustively elec- 
trodialyze^’ starches. 


Materials and Methods 

Starches. Six potato starches were studied, a commercial potato 
starch, PVI, and five samples prepared from varieties grown on fer¬ 
tilizer plots by the Division of Soils (University of Minnesota). Of 
the latter, PI and PV were from Cobbler potatoes grown on check and 
phosphorus-fertilized plots respectively, and Pll, Pill, and PIV were 
from check plot plantings of Red Warba, Early Ohio, and Triumph 
varieties, respectively. Samples of the commercial potato starch were 
also methanol extracted (PVJ, DF), and moisture heat-treated (PVI 
MH) according to the method of Sair and Fetzer (1944) before being 
electrodialyzed and their titration curves run. 

Two samples of corn starch, a commercial product (C) and the 
same starch after defatting (CDF) by methanol extraction, were 
studied. These were the same starch samples which were studied by 
Evans and Briggs (1941). 

Two wheat starches, a commercial starch (W) and the same after 
a methanol extraction (WDF), which was similar to that used in the 
preparation of corn starch (CDF), were employed in the study. 

Electrodialysis of the Starches. Titration curves on colloid elec¬ 
trolytes can be dependable only when all diffusible electrolytes and 
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counter ions (other than H+ or OH’~ ions) have been removed from 
the high molecular weight (or colloid) components. Often simple 
dialysis of the aqueous solution or suspension of the colloid against 
distilled v^ater followed by an extended period of electrodialysis is 
able to accomplish this process without causing any other changes in 
the physical or chemical properties of the colloid, "l^his simple pro¬ 
cedure is not successful with starch for the following reasons. The 
phosphorus present in starch (e.g., potato starch), which cannot be 
removed by simple dialysis or extended washing of the starch granules 
with distilled water, may exist in two forms, as insoluble calcium phos¬ 
phate and as the mono ester of phosphoric acid—calcium salt with 
the carbohydrate. In order to render the calcium phosphate soluble 
and to mobilize the calcium of the ester salt it is necessary to conduct 
the dialysis (and electrodialysis) at a low pH. Under this condition 
of low pH there is a marked danger, due to the long time usually re¬ 
quired for electrodialysis, that some hydrolysis of the polysaccharide 
will occur. The following procedure has been found effective in re¬ 
moving any insoluble calcium phosphate (not esterified), together with 
practically all counter ions (including calcium) combined with the 
esterified phosphorus, from ungelatinized starch without causing any 
measurable hydrolysis. The starch sample (granules) is qiixed, in a 
tall cylinder, with two to three times its volume of a O.l iV hydrochloric 
acid solution saturated with sodium chloride. This is allowed to 
stand with occasional shaking at room temperature for an hour, after 
which the granules arc allowed to settle and the supernatant solution 
is removed and replaced by a similar volume of 0.1 iV acid solution 
half saturated with sodium chloride which is allowed to remain in 
contact with the granules for one hour. The procedure is repeated 
with a solution of the 0.1 iV acid one-quarter saturate<l with sodium 
chloride and fimilly with repeated changes of distilled water until, 
after standing for a few minutes, the test for chloride is quite faint in 
the contact water. In this process the acid reaction serves to mobilize 
the calcium of the phosphate and ester-phosphate. The sodium chlo¬ 
ride, by base exclumge action, causes the replacement of calcium ions 
in the starch granule by sodium, and the exhaustive washing serves 
to remove most of the excess salt and the acids. 

The washed starch granules are then packed into the thin center 
compartment of an efficient three-compartment electrodialysis ap¬ 
paratus and electrodialyzed. In this apparatus, the middle compart¬ 
ment was only one cm in thickness and a D.C. voltage drop of 100- 
150 volts per cm could be maintained across this starch diaphragm 
until most of the diffusible ions were removed. The entire operation 
may be accomplished in an elapsed time of 12 to IS hours. During 
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the electi'odialysis the temperature of the starch Avas nov(M* allowed to 
go above 30®C, the clialyzer being ke])1 cool by a glass cooling coil 
placed in the center compartment. The calcium cont(‘ntvS of the 
electrodialyzed starches given in 'Tabl<‘ I indicate that an efficient re¬ 
moval of this cation was accomplished, and the alkali lability values 
on the starches prior to and after the treatment indicate that no de¬ 
tectable hydrolytic degradation occurre<l. 

Analyses of the Starches. The calcium contents of the starches 
were determined in duplicate by the method of Kramer and Tisdall 
(1921). Samples of starch varying from S to 15 g of dry starch were 
dried in a platinum dish at 10S°C for 12 hours, and the dry weight de¬ 
termined. The dried samples were ashed by placing in a cold muffle 
and heating slowly to 400°C until charred (frothing was prevented in 
this manner), then heating at 600°C for 6 hours. I'he ash was fused 
with sodium carbonate, dissolved in 6 iV' hydrochloric acid, and the 
solution transferred to a SO ml conical centrifuge tube. Five ml of 
saturated ammonium oxalate and 2 drops of bromcrosol purple were 
added and the pH adjusted with ammonium hydroxide to about ])H 
6.2. The sample was allowed to stand for 6 hours, centrifuged, washed 
with 2% ammonium hydroxide, centrifuged and drained, and 10 ml 
oi Z N sulfuric acid added. The sample was then titrated with 0.01 
N potassium permanganate and the calcium content calculated. Agree¬ 
ment between duplicates was usually within 3%. Average values are 
given in Table I. 

Phosphorus contents of the starches were determined in triplicate 
by a modification of the colorimetric method of Fiske and Subbarow 
(1925) in which samples of dry starch weighing 0.1 g to 0.3 g (1.0 g 
samples in case of the corn starches) were wet-ashed with sulfuric and 
nitric acids and the color which developed upon the addition of am¬ 
monium molybdate and l-amino-2 naphthol-4-sulfonic acid was esti¬ 
mated in a Coleman spectrophotometer at wave length 725 m/z. 
Phosphorus content was obtained by comparison with a standard 
curve made with the same procedure and instrument. 'Phe triplicate 
determinations usually agreed within 10%. Average values are given 
in Table L 

Alkali lability values on the starches were determined by the 
method of Schoch (1940). 

pH Measurements on the Starch Pastes, One gram (dry weight 
basis) samples of the electrodialyzed starch granules were placed in 
50 ml Erlenmeyer flasks and 30 ml of carbon dioxide free distilled 
water containing appropriate increments of carbon dioxide free sodium 
hydroxide were added. Each sample was gelatinized by placing the 
flask, while being rotated to maintain the starch granules in suspen- 
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sion, in a boiling water bath jfor 10 minutes. The pastes so obtained 
were cooled to room temperature and their pH values determined with 
a glass electrode assembly employing a L. and N. vacuum tube volt¬ 
meter, student potentiometer, and type R galvanometer. With this 
apparatus, pH values accurate to 0.01 pH units were attained. 'Fitra¬ 
tion curves obtained by plotting the observed pH vahies against the 
equivalents of sodium hydroxide added to the corresponding samples 
were smooth and accurately repeatable. 


Results and Discussion 

Titration Curves for Electrodialyzed Potato Starches. The titration 
curves for the eight samples of potato starch, three of which are shown 
in Figure 1, all exhibit the two distinct buffer ranges characteristic of 
the first and second hydrogens of phosphoric acid. Titration of the 
first hydrogen is complete at about pH 5.0 and of the second hydrogen 
at about pH 8.75. The amount of alkali necessary to complete the 
neutralization of the first hydrogen is consistently from 5 to 10% less 
than the amount calculated as necessary from the phosphorus content 
of the electrodialyzed starch (i\ in Table I). This may be taken to 
indicate that the base exchange-electroclialysis process failed to re¬ 
move a small amount of counter-ion. Analysis for calcium shows that 
not all of the retained counter-ion was calcium and indicates that a 
small amount of sodium must also have been retained. Dissociation 
constant calculations for the most acid hydrogen in the potato starches 

using the Van Slyke (1922) equation, Ka « ^ 

yielded values for pKa of 2.7 for PVI to 3.1 for PI and PV which are 
considerably higher than that accepted for the first hydrogen of ortho- 
phosphoric acid (pKa = 2.03). 

In Figure 1 is given the titration curve for an aqueous solution of 
orthophosphoric acid containing the same concentration of phosphorus 
as the potato sample PVI titrated. The shift of the titration curve, 
corresponding to the first hydrogen of the starch phosphoric acid, 
toward the alkaline range as compared with that of the free phosphoric 
add may be due to an actual decrease in the dissodation tendency of 
this addic hydrogen when the phosphoric add is esterified with the 
starch. However, the dissodation tendendes of both the first and 
second hydrogens of phosphoric add, when esterified with glucose, 
are reported to have increased as a result of the ester formation. 
The pKi value for glucose-l-phosphate has been reported by Cori, 
Colowick, and Cori (1937) to be 1.11, while that for glucose-6-phos- 
phate was found to be 0.97 by Meyerhof and Lohmann (1927). It 
seems that a more likely explanation for the decrease in pKi, observed 
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in this case, is that it is due to a Donnan equilibrium effect. The 
electrode measures the hydrogen ion activity of the solution outside 
but in Donnan equilibrium with the region inside the swollen starch 
granules. The deviation of an observed pK value from its true value 



liig, 1. Titration curvob on electrodialy^ed starches. Curve 2—Methyl alcohol-extracted wheat 
starch, WDK; Curve 3—Methyl alcohol-extracted com starch, CDF; Curve 4—Commercial wheat 
starch, W; Cuive 5—Commercial corn starch, C; Curve 6—Cobbler potato starch, PI; Curve 7—^Red 
Warba potato starch, PII; Curve 9—Commercial potato starch, PVI; Curve 1—H*0; Curve 8—Ortho- 
phosphoric acid solution of same phosphorus content as that of potato starch PVI. Volume of the 
solutions « 30 ml. Starch solutions contained 1 g each of starch. 


would be in the direction observed and would be greatest for starches 
containing the lowest amounts of phosphorus. No dependable value 
can, therefore, be assigned for the pKi from our titration data, although 
it is probable that the starch-phosphoric acid is as strong an acid as 
orthophosphoric acid itself. 
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The leg of the titration curve lying between pH 5.0 and 8.75, 
while yielding an over-all value of pK 2 (using the Henderson Hassel- 
balch equation) which agrees well with the second hydrogen of ortho- 
phosphoric acid (observed pK 2 = 6.75 for starch PVI, while accepted 
value for orthophosphoric acid is 6.8), requires more alkali to titrate 
it than would be expected from the amount of total phosphorus found 
in the starch (B in Table J). The latter accounts for only 62 to 76% 
of the alkali needed, this varying with the source of the starch. Ob¬ 
viously some group besides the second hydrogen of starch phosphoric 
acid ester is reacting with alkali in this pH range. Because of this 
and the superimposed Donnan effect, an accurate value for pK 2 of 
the starch-phosphoric acid cannot be given. It may be safely con¬ 
cluded, however, that the first and second hydrogens of potato starch- 
phosphoric acid ester have dissociation tendencies which are as great 
as those of the corresponding h^^'drogens of unesterified orthophos¬ 
phoric acid. 

The phosphorus esterified with potato starch is not constant per 
gram of starch, but varies with the source of the starch. From the 
data presented here it seems probable that there is less variation in 
bound phosphorus between starches of potatoes of the same variety 
grown on different fertilizer plots (PI and PV) than there is between 
different varieties grown on the same soil (PI, PII, PHI, PIV). Only 
small amounts of phosphorus are removed from any of the starches 
by the base exchange and electrodialysis treatment. Hot methanol 
extraction followed by the base exchange-elcctrodialysis treatment 
removed only a little more of the potato starch phosphorus. Mois¬ 
ture-heat treatment followed by base exchange and electrodialysis 
removed about a third of the potato starch phosphorus. It is probable 
that the amount of phosphorus mobilized in all these cases represents 
a corresponding degree of hydrolysis of the starch-phosi)horic acid 
linkage in the potato starch. The esterified phosphorus content of 
potato starch can thus be expected to be a function to some extent of 
the previous treatment of the starch. 

Titration Curves for Cereal Starches, The titration curves for corn 
and wheat starches, both before and after hot methanol extraction, 
show distinct differences from those of the potato starches. In the 
first place there is no evidence of a buffer range corresponding to the 
first hydrogen of phosphoric acid. Wheat starches, before and after 
methanol extraction, show a small degree of buffer capacity in the pH 
region in which the second hydrogen of potato starch phosphoric acid 
ester is titrated, but this is much less than would be expect^ from the 
phosphorus contents of these wheat starches and is not greatly changed 
by the methanol extraction of the starch. Com starch, undefatted, 
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shoWwS a marked butler capacity in this region of pH 'which is consider¬ 
ably greater than could be accounted for by its phosphoms content. 
This buffer capacity of corn starch is almost completely removed 'when 
the starch is defatted. Evans and Briggs (1941) found that the free 
fatty acid content of this starch was 0.00S2 g per gram of starch, 
these acids having an average molecular weight of 275. This is equal 
to 0.02 milliequivaleiits of fatty acid per gram of starch. The differ¬ 
ence observed in the buffer capacity of corn starch (in this pH region) 
before and after defatting was .019 milliequivalents. Obviously the 
adsorbed but unesterified fatty acids of the corn starch are responsible 
for most of this buffer capacity of the undefatted corn starch, ft is 
surprising that fatty acids should be titratable in this pH range 
(pKa = 7.5) since most such acids in aqueous solution act as con¬ 
siderably stronger acids (pKa values approximately 5). The strongly 
adsorbed state of the free (unesterified) fatty acids in starch apparently 
causes a shift in I heir dissociation tendency toward that of a weaker 
acid. 

The very small residual buffer capacity of defatted corn starch 
may well be due to a residual amount of fatty acid not removed by 
the methanol extraction. The low buffer capacity of the wheat 
starches in this same pH region may also be due to small amounts of 
unesterified but strongly adsorbed fatty acids in the starch. No such 
adsorbed fatty acids have been found in potato starch, yet we find a 
considerable buffer capacity for potato starch in this same pH range 
which cannot be accounted for by the phosphoric acid present. Also, 
exhaustive methanol extraction of potato starch fails to reduce this 
extra buffer capacity to any appreciable degree. There must, there¬ 
fore, remain the possibility that there is some material (or group) 
present in petalo starch, and possibly in wheat and corn starches, 
which is not removable b}' methanol extraction or by exhaustive 
eIectro<lialysis an<l which shows a bufftT capacity in the pH region 
between 5.0 mid 8.7. This might be silicic acid or some protein con¬ 
stituent. No definite identity can be conferred on it at present. 

If any of the phosphorus present in the cereal starches were com¬ 
bined as simj^le ester with the starch, either as mono or di ester, it 
should be detectable in the titration curve of the electrodialyzcd starch 
as a buffer zone corresponding to the first hydrogen of orthophosphoric 
acid (at the appropriate dilution corresponding to the amount of 
phosphorus present in such form in the starch). Even very small 
amounts should be detectable. The curves for the cereal starches 
show no indication that any such phosphorus exists in these starches. 
This docs not necessarily mean that none of the phosphoric acid in 
corn or wheal starch is in ester combination with the starch. It does 
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mean, however, that, if such an ester exists, either it is the tri ester or 
the phosphoric acid is in mono ester combinalion with shmch and has 
a strongly alkaline f^roup esterificd through a second group. The 
zwittor ion which would result would act simiLirl;^’' to lecithin where 
electrodialysis can take the i>IJ of its solution only to the isoelectric 
point of the z\vitt<‘r ion The fact tluit a large part of the phosphorus 
of wheat starch is of a phospholipid nature could emphasize the ])rob- 
ability that, if any part were in combination directly with starch, it 
too might be similarly combined with a basic group as in the 
phospholipid. 

Above a pH of 9.0 all the starches show a very strong buffer action 
toward added alkali, the extent of which is apparently inclependeiiL 
of the source of the starch. In this alkaline region there is cither a 
strong tendency to adsorb alkali, or, more likely, one or more of the 
hydroxyl groups on the sugar units of the starch molecule evince their 
acidic nature by reacting as acids to form salts with the added alkali. 

Summary 

Titration curves on exhaustively electrodialyzed ])Otalo starches 
show buffer ranges which correspond well with those of the first and 
second hydrogens of orthophosphoric acid. That corresponding to 
the first hydrogen agrees well with that expected from the total phos¬ 
phorus content of the starch. That corresponding to the second 
hydrogen is from one-fourth to one-third greater than can be accounted 
for by the phosphorus present in the starch. 

Titration curves for exhaustively electrodialyzed wheat and corn 
starches show no buffer capacity in the pH range in which the first 
hydrogen of the potato starch acid is titratablc. Both show buffer 
capacity in the pH region in which the second hydrogen of potato 
starch acid is titratablc, but their bufier capacities in this region are 
not related to the phosphorus contents of the starches. With corn 
starch this buffer capacity is correlated with the uncsterified adsorbed 
fatty acid content of the starch. It is postulated that the slight 
buffer capacity of wheat starch in this pH region may be due to the 
presence of free fatty acids or to groups (or material) similar in nature 
to the unidentified material in potato starch which is responsible for 
the excess buffer capacity of this starch over that accountable for on 
the basis of its phosphorus content. 

None (or no detectable amount) of the phosphorus present in 
cereal starches exists in the mono-orthophosphoric add ester form 
which is characteristic of all the phosphorus of electrodialyzed potato 
starch. 
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Above pH 9.0 all starches show an equal tendency to neutralize 
alkali, and this occurs to a relatively much greater degree than is 
characteristic of the biiffer capacity of any starch at lower pH ranges. 
1'his probably involves the ionization of hydrogen in the hydroxyl 
groups of the sugar nioiionicrs of the starch. 
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PREPARATION AND NITROGEN CONTENT OF 
SOYBEAN PROTEIN 

\Vir,LiA\r G. SMii.hY and Ar.iAN K. Smith 

Northern Rcgiondl Rcsearrli I^alwr.itory,* I’oorU, Illinois 
(Received toi publuatioii Novcnibei 21, IPIS) 

The term *'soybean protein” usually r(‘fers to the ('unl which is 
precipitated from an aqueous or alkaline extract of soybean meal by 
addition of acid. It has become a commercial product of considerable 
importance. The solution remaining after removal of the curd is 
known as whey and has no value at present, althouj 2 :h it is well known 
to contain additional protein. Since water alone extracts at least 90% 
of the nitrogenous material from so^'bean meal and alkali practically^ 
all of the nitrogen, the curd and whey contain nearly' all the protein 
of the soy'bean, although such high ydelds are not attained in com¬ 
mercial operation. 

The separation of soybean proteins was first studied by' Meissl 
and Bocker (1883), and later more extensively' by' Osborne aiul Camp¬ 
bell (1898) who namc^ the principal protein '‘gly'cinin.” Osborne's 
glycinin is defined as "the salt solution soluble globulin which separates 
after dialy'sis”; however, it has not be<Mi identified as a single iirotein. 
Thus, the question is raised as to the purity' of the "soy'bean protein” 
prepared by^- commercial methods in comparison with Osborne's 
“glycinin.” 

In the abs(*nc<^ of ('rystallinity' or distinctive physical properties, 
the nitrogen content is the most convenient method of determining 
the purity of a protein. The variations in nitrogen content of dif¬ 
ferent preparations of soy'bean protein from the s^une source material 
might be due to nonprotein impurities or to fractionation into ]iroteins 
of different composition. We shall pr<\sent evidence that the former 
appears to be the more itnportanl factor. Jones and ('sorika (1932) 
and also Rymdin, Morozov, and Salchinkin (1936) separatc^fl gly'cinin 
into fractions having different phy'sical properties, while (\sonka and 
Jones (1933) showed that the nitrogen content aiul amino acid com¬ 
position of glycinin vary with the variety of soybean. 

The following methods have been used in separating soy'bean pro¬ 
tein and glycinin from the nonprotein parts of soybean meal and from 
the minor proteins (albumin and proteose): 

A. Extraction with water and precipitation with acid. 

B. Extraction with dilute alkali and precipitation with acid. 

1 One of the laboratories of the Bureau of A^cultural and Industrial Chemistry, Agricultural 
Research Administration* U. S. Depax tment of Agriculture. 
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C. Extraction with a salt solution (usually 1~2N NaCl) and pre¬ 

cipitation by dialysis or dilution. 

D. Extraction with water or salt solution, precipitation by saturat¬ 

ing with ammonium sulfate, redispersing in water, and pre¬ 
cipitation by dialysis. 

Methods B and C muy be repeated one or more times to obtain a 
purer product. Methods A and B are essentially the procedures used 
industrially; most chemists have followed Osborne and Campbell in 
preferring C and D. Method B gives the largest yield, since it in¬ 
cludes the less soluble part of the protein. The insoluble protein 
fraction in the meal residue can be decreased by fine grinding of the 
meal (Smith, Circle, aiul Brother, 1938). It is possible that it does not 
actually re])rescnt a distinct protein, but protein retained in intact 
cells as suggesU'd by Woodruff, Chambers, and Klaas (1938). 

Table 1 shows the nitrogen content of various protein preparations 
reported in the literature. The methods of i)reparation are indicated 
by the letters used above, successive letters showing purification steps. 
An asterisk indicates that thc^ final precipitate was dehydrated with 
alcohol. 


TABLE I 

Nitrogen Conilni op Glycinin and Soybean Protein from the Literaturp 


Authors 

Vaiiety of bean 

Method of preparation 

Ni 

Yield* 




% 

% 


r“YcUow soj'bcan” 

D* 

17.14 

7.7 » 

Osborne and Campbell 

1 

DCC *' 

17.72 


(1898) 

1 “Ki>usuki dicidzu" 

D »• 

17.45 

6.1 3 


1 

DCC 

17.48 


Jones and Moeller 

“Yellow soybean” 

“Method ol Osborne 

17.04 

— 

(1928) 


and CampbeU" 




fllHni 

C * 

17.74 

— 


Dun field 

C ' 

17.37 

— 

Csonka and Jones 

J Manchu 

C^ 

17.28 

— 

(1933) 

Peking 

c ^ 

17.19 

— 


LDixie 

C “ 

16.60 

— 

Hartman and Chenji 

- - • 

cc 

17.61 1 

10.0 

(1936) 





Ryndin (1936) 

_ - 

cc ^ 

17.35 

S.4 

Woodrutf, Chambers, 

mini 


16.40 

25.3 

and Klaas (1938) 

(commercial flakes) 

C “ 

16.44 

10.4 

Smith and Circle 

mini 

A 

15.68 

29.4 

(1939) « 





Pucher and Nolan; 

mini 

CC * 

16.93 

— 

see Vickery (1945) 






^ On aeh-free dry basis. 

* On weight of oil-free meal. 

9 Total of several fractions. 

Dried with acetone. 

> Not specially prepared for high purity. 
** Indicates dehydiation by alcotiol. 


A. Water extraction-acid precipitation. 

C. Salt extiaction-precipitation by dialyt^is. 

D. Water or salt extraction-ammonium sul- 

tate pxccipitation. 
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The range of variation in the nitrogen content seems quite surpris¬ 
ing. Jones (1931) showed that the nitrogen content of gliadin and 
glutenin prepared from various varieties of wheat by many different 
workers was fairly constant, the maximum variation being 0.68%, 
and asserted that the same was true of other vegetable proteins. The 
data on glycinin and soybean curd protein in Table 1 tliffer more 
widely than this, even if we confine ourselves to one paper (Csonka 
and Jones) or to one variety (Illini). 

The nitrogen content of soybean protein is of importance also be¬ 
cause of the use of factors in food <ind nutrition studies to determine 
the protein content of soybean products. The conventional factor of 
6.25 is still in use for this purpose. Jones (1931), while pointing out 
the fundamental weaknesses of this method of determining protein, 
nevertheless recommended a factor based on the nitrogen content of 
glycinin, taken as 17.5^o* There appears to be little value in adopting 
a new factor if the nitrogen content of glycinin is as uncertain as 
Table I indicates. 

In addition to comparing the purity of soybean protein prepared 
by commercial procedures with Osborne’s glycinin, the object of the 
present work was to determine the effect of various factors on the 
nitrogen content of soybean protein, and especially the relative im¬ 
portance of the source of material, and of the method of preparation 
in accounting for the variations. We have found that the nitrogen 
contents obtained by different methods of purification tend to reach 
an upper limit that is not very different for different varieties and crop 
years. Most of the variation in our preparations appears to be due 
to a nonprotein impurity. 

Methods and Materials 

Nitrogen was deteranined by the Kjeldahl-Gunning-Arnold method, 
using a mercury catalyst and a one-hour digestion. Chibnall, R<^'s, 
and Williams (1943) have shown that a longer period of digestion is 
essential for egg albumin, and raised the question as to the accuracy 
of nitrogen determination on other ])roteins when a short digestion 
period is used. To check the feasibility of the method for isolated 
soybean protein, a series of tests was run using 1-, 3-, and 7-hour di¬ 
gestion periods with mercury and copper sulfate catalysts. The re¬ 
sults are shown in Table II, where each value is the average of two or 
more determinations. 

From these results, and a Dumas nitrogen determination on the 
same sample which gave a value of 15.83%, it was concluded that, for 
an isolated soybean protein, a digestion period of one hour was suffi¬ 
cient. Ash was determined in platinum crucibles at 6S0®C. For- 
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TABLE II 

The Effect of Digestion Time on the Kjeldahl Nitrogen 
Deiermination for Isolated Soybean Protein 


Date 

Catalyst 

Digestion period and percent nitiogen 




S hour 

7 hour 

2-2-44 

Hg 


— 

— 

6-8-44 

Hg 


— 

— 

6-27-45 

Hg 


15.74 

15.78 

7-2-45 

Hg 

15.87 

— 

15.80 

6-27-45 

CuSOi 

— 

15.75 

— 

7-2-45 

CuSOi 

— 

— 

15.83 

Average 

— 

15.73 

15.75 

15.80 

Dumas nitrogen 


15.83 


\ — 


cclain crucibles gave irregular and much higher results. Moisture 
was determined by drying in a vacuum oven at 105°C for S hours. 
All determinations were made at about equilibrium moisture content, 
and the nitrogen values corrected for ash and moisture. This is 
preferable to attempting to analyze the very hygroscopic dried protein. 
With the exception of Csonka and Jones (1933), who used ethyl 
(‘ther, all the authors quoted in Table 1 used light hydrocarbons 
(petroleum ether, benzine) to extract the oil from their soybean meal. 
It has been found in this laboratory (Beckel and Smith, 1944; Belter, 
Beckel, and Smith, 1944) that soybean meal from which the oil has 
been extracted with ethanol gives a much lighter-colored protein than 
meal extracted with other solvents, suggesting that some impurity 
has been removed, in this study, soybean protein has been prepared 
from meals extracted with ethanol and with a commercial petroleum 
ether (Skellysolve F), and the nitrogen contents have been compared. 
The varieties and crop years used were: Illini, 1941, 1942, 1943; 
Peking, 1941; Mandarin, 1942; Lincoln, 1943; and Willomi (81044), 
1943. 

After cracking, dehulling, and flaking, the beans were extracted 
in a modified Soxhlet-type extractor in which the solvent entered the 
extractor through a condenser; thus the flakes were kept substantially 
at room temperature. Soybean protein was also prepared from flakes 
which were ethanol-extracted on a pilot-plant scale at about 60^C, 
and from commercial solvent-extracted “brew” flakes having a high 
water-soluble protein content. For laboratory protein preparations, 
the flakes were ground in a hammer mill. Results are also given on 
some proteins prepared in a pilot plant (Belter, Beckel, and Smith, 
1944). 

Protein Preparations. Table HI shows the methods of preparation 
and nitrogen contents of the protein prepared in this laboratory. The 
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TABLE III 

Laboratory Soybean Protein Preparations 


No, 

Variety and year 

Solvent and method 


Yield a 

1 

rilini 1941 

Pot. ether AC 

% 

16.73 

% 

2 

mini 1942 

Pel. ether C 

16.37 

— 

3 

mini 1942 

I*cL. ether CC 

16.68 

23 

4 

mini 1942 

Pet, ether CCC 

16.51 

- 

5 

mini 1942 

!*cl. ether I) 

16.48 

19 

6 

mini 1942 

Pel. ether AB 

15.91 


1 

mini 1942 

Pet. ether ABBB 

15.98 

26 

8 

mini 1942 

Pet. ether ABBBBB 

15.99 

— 

9 

mini 1942 s 

Pet. ether A pH 5.4 

16.18 

32 

10 

Filtrate from No. 9 

pH 4.0 

14.95 

5 

11 

mini 1942 

EthanolB ^ 

16.16 


12 

mini 1942 

Ethanol BB 

16.27 

37 

13 

mini 1942 

Ethanol BBB 

16.32 

— 

13a 

mini 1942 

Ethanol CC 

16.67 

Low 

14 

mini 1943 

Ethanol CC * 

16.62 

— 

15 

mini 1943 

Ethanol A 

16.47 

— 

16 

mini 1943 

Ethanol ABB ^ 

16.36 

— 

17 

mini 1943 

Ethanol B 

16.00 

34 

18 

Illini 1943 

Ethanol BBB ‘ 

16.13 

— 

19 

Peking 1941 ® 

I»et. ether AB 

15.30 

39 

20 

Peking 1941 '* I 

Pet. ether ABB 

15.31 

— 

21 

Peking 1941 

Pet. ether A 

15.58 

- 

22 

Peking 1941 

Pet. ether ABB 

15.78 

36 

23 

Peking 1941 

Ethanol A 

16.08 

~ 

24 

Peking 1941 

Ethanol ABB 

16.48 

32 

25 

Lincoln 1943 

Ethanol B 

15.41 

— 

26 

Lincoln 1943 

Ethanol BBB 

16.26 

38 

27 

Lincoln 1943 

Ethanol BBBB 

16.20 

— 

28 

Willomi 1943 

Etlianol AB 

16.78 

— 

29 

Willomi 1943 

Ethanol ABB 

16.90 

24 

30 

Willomi 1943 

Ethanol B 

15.43 

— 

31 

Willomi 1943 

Ethanol BB 

15.83 

1 43 

32 

Willomi 1943 

Ethanol BBB 

16.19 

— 

33 

Mandarin 1942 

Pet. ether A 

15.86 

— 

34 

Mandarin 1942 

Pet. ether A * 

16.17 

— - 

35 

Mandarin 1942 

I Pet. ether ABB 

16.05 

— 

36 

Mandarin 1942 

Pot. ether ABB ^ 

16.32 

— 

37 

Mandarin 1942 

Ethanol A 

16.59 

20 

38 

Mandarin 1942 

Ethanol BB 

16.70 

- - 

39 

Mandarin 1942 

Ethanol BBB 

16.88 

38 

40 

Mandarin 1942 

Not extracted AB “ 

16.21 

-- 


> On a8h-fn*c dry babib. 

» Granib of air-dry protein jjer 100 g ol ali- 
dry. fat-free meal. 

■ Including hulls—all others dchullcd. 

* Extracted in pilot plant at 60*^0. 

■* Indicates dehydiation by alcoliol. 


A. Water extntciion—acid precipitation. 

B. Alkali extraction—acid precipitation. 

C. Salt extraction—precipitation by dialybib. 

D. Water extraction—ammonium sulfate 

precipitation. 


methods of preparation are designated by the same symbols as in 
Table 1. In Method B, 0.1% sodium hydroxide was usually used in 
the original extraction, while in the rcprecipitation steps, only enough 
alkali was used to disperse the protein (pH, about 9). Precipitation 
in Methods A and B was at pH 4.1-4.5, usually with sulfuric acid. 
In Method C, 6% (approximately IN) sodium chloride was the dis¬ 
persing agent; following dialysis, the pH was adjusted when necessary 
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to the above range. Jn succeeding steps, dilution with several vol¬ 
umes of water was used in place of dialysis. Method D was carried 
out hy water extraction (Osborne and Campbell used salt extraction). 
Dehydration b>' alcohol is indicated by an asterisk. In other cases, 
the gl^cinin was dried at 65®C in a forced-draft oven. Yields are 
given onh^ where at least two extractions were made on the meal, in 
order to obtain maximum yield. 

The separation of the first extract from the insoluble residue has 
alw^ays been a difficulty in both laboratory and large-scale production 
of protein. In these experiments, this was done by centrifuging at 
about 2000 g. Especially with w’ater extraction, the boundary be¬ 
tween the extract and the residue is not sharp. This is a possible cause 
of irregularities in the nitrogen content. Sample 13A, Table III, was 
given a special filtration treatment with macerated filter paper. After 
the first salt dispersion, it was filtered twice, and after the second dis¬ 
persion, it was filtered three times. 

The pilot-plant protein preparations are given in Table IV. Un¬ 
ground flakes were used, “comnierciar* and “ethanol” referring to 
commercial hydrocarbon-extracted flakes, and pilot-plant ethanol- 
extracted flakes, respectively. Tap water was used for the alkaline 
extractions, and distilled water for No. 41. Sulfuric acid was the 
precipitating agent, except for No. 46 which was precipitated with 
sulfur dioxide. Sodium bisulfite was used for its bleaching and pre¬ 
servative action. 

Discussion 

Using the highest nitrogen content obtained for each variety in 
'fable III, we find a variation from 16.26% (Lincoln) to 16.90% 
(Willomi). This range is no larger than that found for wheat pro¬ 
teins (Jones, 1931), and is in contrast to the large variations shown in 
Table I. We are unabk* to explain why no glycinin prepared in this 
laboratory has ever giv(Mi as high values of nitrogen as those of Osborne 
and t'ampbell (1898), Uwonka and Jones (1933), or Hartman and 
('heng (1936). However, values in the range of 16.90 to 17,00% 
nitrogen for samples of protein preixxrcd by very careful work of Dr. 
G. W. Pucher and Mr. L. S. Nolan in H. B. Vickcry*'S laboratory 
(Vickery, 194S) arc consistent with our results. 

More important than variations due to variety and crop year are 
the variations caused by the method of preparation. These varia¬ 
tions are not due to fractionation of the protein> but rather to varying 
degrees of removal of a nonprotein impurity. This conclusion is 
based on the following facts: 

(1) Some of the preparations of highest nitrogen content which 
were made from ethanol-extracted meal, as Nos. 11-13, 23-24, and 
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38-39, were obtained in sufficiently large yields to indicate that they 
include practically all of the protein. This appears to be the most 
effective way of removing the impurity. 

(2) Dehydrating the wet cunl with ethanol also raises the nitrogen 
content, although not to the same level as ethanol extraction of the 
meal (compare Nos. 33 37). 

(3) Extracting the dried protein with hot ethanol in a Soxhiet 
extractor raised the nitrogen content in the case of a pilot-plant 
preparation from commercial flakes (Nos. 41-42), but did not do so 
for a similar preparation from ethanol-c.\tracted flakes (Nos. 44-45). 
In the former case, the ethanol extract from 100 g of protein yielded 
about 4 g of a brown s^TUplike material; in the latter, less than 0.1 g 
was obtained. 

(4) Methods C and D, which involve a reduced }dcld and hence 
considerable fractionation, do not g^ve a much higher nitrogen con¬ 
tent than ethanol extraction followed by Method A or B (compare 
Nos. 2-5, 11-13, 14-18). 

The nature of the impurity is still in doubt; it appears to be a 
complex mixture. The *^&yrup’* mentioned above contains 1.30% 
nitrogen and 0.79% phosphorus. Acid hydrolysis of the syrup yielded 
phosphoric acid, fatty acids, and choline (precipitated as the re- 
ineckate), indicating the presence of lecithin. Carbohydrates are 
also present (Molisch reaction). The syrup is largely soluble in most 
organic solvents and partly so in water. Phosphatides probably act 
as dispersing agents. The purifying effect of Method C is in harmony 
with the fact that salts precipitate dispersed phosphatides. 

Most of our preparations were ma<lc from dehulled beans. Prepa¬ 
rations 19-22 show that the inclusion of the hulls adds a further im¬ 
purity to the protein, as is also shown by its dark(T color. Soybean 
hulls contain about 10% of water-soluble material, and the water 
extract is dark brown. 

Preparations 9 and 10 show another method of obtainuig a purified 
protein. A water extract of a petroleum ether-extracted meal, in¬ 
cluding the hulls, was precipitated at pH 5.4 to give i)rotein having a 
nitrogen content of 16.18%. The ‘Vhey’* from this precipitate was 
adjusted to pH 4 and gave a further small precipitate with a nitrogen 
content of only 14.95. Evidently, the bulk of the impurity is pre¬ 
cipitated at the lower pH. This method offers some difficulty in 
practice because of the poor coagulation and settling of the precipitate, 
but it has the advantage of being applicable to present commercial 
soybean flakes. 

Methods C and D (preparations 2 and 5) are about equal to alcohol 
extraction followed by Method A (preparation IS) in purifying effect, 
but the latter is more practical for large-scale production. More than 
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two precipitations are of little or no advantage whether Method B or 
C is used. Method A would be expected to be better than B for the 
first extraction, but this is not always the case; Method B not only 
gives the larger yield but sometimes the higher nitrogen content as well. 

The four pilot-plant preparations shown in Table IV illustrate the 
variations in nitrogen content of glycinin which is encountered in 
large-scale production. The use of flakes rather than ground meal, 
washing by settling and decantation, and the considerable time re¬ 
quired may be factors in this variation. It is rather surprising that a 
pilot-plant protein, No. 46, has the highest nitrogen content (17.02%) 
we have encountered. Preparation 47 represents an attempt to 
duplicate pilot-plant conditions in the laboratory, including the use of 
unground hot ethanol-extracted flakes and the addition of sodium 
sulfite. The result agrees with preparation 44 rather than 46. 

TABLE IV 

f*lLOI l*r.ANT-SOYBEAN PrOIEIN PREPARATIONS 


No. 

Flakes 

Dispersing agent 


41 

Commercial 

HaO 

% 

15.28 

42 

(No. 41 alter ethanol extraction) 


15.70 

43 

Commercial 

NaOH 

16.32 

44 

Ethanol 

NaOH-fNaaSO, 

16.50 

45 

(No. 44 after ethanol extraction) 


16.38 

46 

Ethanol ® 

Na 0 H-hNa 2 S 03 

17.02 

47 

Ethanol * 

NaOH-hNaeSO^ 

16.65 


1 On Abh-treo dry basis. a Illini soybeane—1912 crop. ’ Prepared in laboratory—aee text. 


Preparation 40 was made by the unusual method of extracting 
t)rolein from unextracted (full-fat) soybean flour and removing the 
oil later. In this processs, it is found that the oil disperses and pre¬ 
cipitates with the protein, forming a milklike emulsion and showing 
little or no tendency to st^parate, even on reprccipitation. By de¬ 
hydrating the wet curd with ethanol, nearly all of the oil wiis removed, 
l)ut the protein was furthiT purified by washing with petroleum ether 
and extracting with ethanol in a Soxhlel extractor. The nitrogen 
content compares favorably with other preparations, but in view of the 
difficulty in the removal of the oil an^ the ethanol, this method prob¬ 
ably is not practical. 

Summary 

Soybean protein has been prepared by various methods from sev¬ 
eral varieties of soybeans, and the nitrogen content has been deter- 
mine<L The variations between varieties arc small compared to those 
due to method of preparation, tlie highest value obtained for each 
variety ranging from 16.26% (Lincoln) to 16.90% (Willomi), In 
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agreement with other recent workers, we have not been able to obtain 
a value as high as the usually accepted 17.5%. 

The variation in nitrogen content of glycinin preparations from a 
single source appears to be due to an im])urity rather than to frac¬ 
tionation. This impurity is best eliminatcHl by lusing ethanol as the 
solvent in extracting the oil. 
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STALING STUDIES ON BREADS CONTAINING 
WAXY MAIZE STARCH ‘ 
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Researches on the complex phenomena which occur during the 
staling of bread have associated the decrease in compressibility of the 
crumb with changes in the starch. The hardening of the crumb is 
accompanied by a decrease in crumb Iranslucency, in the swelling 
power in water, in the viscosity of its aqueous dispersions, and by a. 
reduction in the amount of water-extractable polysaccharides. The 
literature on this subject has been reviewed by Katz (1928), Alsberg 
(1936), Cathcart (1940), and Radley (1943). As a result of his 
extensive investigations Katz attributed the staling of bread crumb to 
a ^Tetrogradation” of the starch, a term which has been loosely used 
in the literature to denote colloidal changes which occur in starch 
pastes on standing whereby the starch becomes less soluble. His 
X-ray studies (Katz, 1930, 1934) indicated that the insolubilization of 
the starch in a paste involves a transition from the amorphous to the 
ciy'stalline state and that a similar change occurs when bread stales. 
Alsberg (1936) has pointed out that the retrogradation theory is not 
in accord with cither the rapidity or the reversibility of the staling 
process. Even concentrated starch pastes retrograde slowly as com¬ 
pared with the rate at which bread stales, and the retrograded starch 
is extremely resistant to solubilization. 

During the past decade our knowledge of the structure and 
properties of starch has greatly increased. Although earlier workers 
had sliown that the common cereal and tuber starches could be 
bei)aratcd by various means into two fractions which differed in their 
properties, mc^thods have recently been perfected that provide a 
clear-cut separation into a straight chain component and a branched 
chain component, designated as amylose and amylopectin, respectively, 
by Meyer (1942). The linear component, which can be selectively 
precipitated from autoclaved starch solutions with butyl or amyl 
alcohol (Schoch, 1942), with higher fatty acids (Schoch and Williams, 
1944), or with certain nitroparaffins (Whistler and Hilbert, 1945), 
comprises 25 to 30% of the normal starches and forms highly unstable 
solutions which retrograde rapidly to insoluble aggregates or irre¬ 
versible gels. The retrogradation of amylose can readily occur because 
of the ease with which the linear molecules can orient to form 
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“crystallites.” On the other hand, the amylopectiii, or branched 
chain component, forms relatively colloidally stable solutions which 
exhibit little tendency' to retrograde. The starches prepared from the 
so-called wa\3' or glutinous varieties of cere<ils are unique in their 
properties. Pastes prepared from these “waxy” starches have high 
hot viscosities, low gel rigidity, and show a remarkably low tendency 
to retrograde (Brimhall and Ilixon, 1939; Hixon and Sprague, 1942; 
Schopmeyer, Felton, and Ford, 1943). That w<Lxy maize wStarch is 
composed almost entirely of the branched chain component, ainylo- 
pectin, is evidenced by its low alkali number, its failure to give any 
precipitate with butanol (Schoch, 1942), its low iodine adsorption 
(Bates, French, and Rundle, 1943), and its osmotic and viscosity 
behavior (Foster and Hixon, 1943). The absence of any significant 
amount of the linear component in waxy maize starch, according to 
Hixon and Sprague (1942), is a possible explanation for its inability to 
retrograde at all rapidly since the branched molecules “would have 
difficulty in orienting into insoluble groups of parallel ('hains, which is 
characteristic of retrogradation.” 

Interpreting Katz’ retrogradation theory in the light of this newer 
knowledge of starch chemistry, it may be postulated that bread staling 
is due to the amylose component of starch. If this assumption is 
valid, as pointed out by Hixon (1943), bread made with waxy starch 
should exhibit little tendency to stale. Although waxy or glutinous 
varieties of corn, rice, millet, and grain sorghum are known, no waxy 
varieties of wheat have yet been reported. However, the effect 
of waxy starch on bread staling can be investigated by conducting 
staling tests on bread made from gluten-starch mixtures. Aitken and 
Geddes (1938, 1939), Harris (1940), and Aitken and Anderson (1943) 
have shown that the baking characteristics of Hours may be enhanced 
by the addition of crude gluten which has been dried in a stream of air 
at 32®C. Sandstedt, Jolitz, and Blish (1939) found that wet gluten 
and starch may be recombined to form a dough with baking character¬ 
istics similar to those of doughs prepared from the original flours. 
Harris and Sibbitt (1942) and Finney (1943) have also used the 
synthetic approach in studying differences in the baking value of 
gluten and starch prepared from different wheat varieties. 

In this paper, the results of staling studies on breads made from 
mixtures of gluten with wheat and waxy maize starches are reported. 

Materials and Methods 

Preparation of Gluten and Starches, Dried gluten and wheat starch 
prepared from an unbleached straight grade flour milled from hard red 
spring wheat in connection with a previous investigation were available 
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for this study. The gluten was prepared by washing the starch from 
doughs at approximately 0°C. Part of the gluten was frozen at 
— 16®C, ground, and dried cr^'oscopically; the part used in this study 
was dried at room temperature (approximately 25°C) in a stream of 
air from an electric fan. The starch was removed from the wash water 
by centrifuging and divided into the upper and lower starch fractions 
which were frozen and dried cryoscopically. The lower starch fraction 
was used in preparing the synthetic flours. 

Waxy maize and waxy sorghum starches prepared without the 
use of sulfur dioxide were supplied by the Northern Regional Labora¬ 
tory, Peoria, Illinois. 

Preparation of Synthetic Flours, Synthetic flours containing 12% 
protein (N X 5.7; 14% moisture basis) were prepared by mixing the 
appropriate quantities of finely pulverized dried gluten and starch. 
A series of flours comprising mixtures of 0, 10, SO, and 100% of waxy 
maize and wheat starches was prepared. In addition, mixtures of 
waxy sorghuin and wheat starches were employed in preliminary 
studios. 

Baking Procedure, The synthetic flours were baked by a micro¬ 
baking technique similar to that described hy Geddes and Aitken 
(1935). I'he regular A. A. C. C. basic formula {Cereal Laboratory 
Methods, 4th ed., 1941) using 6% of sucrose was employed and 
sufficient ingredients to yield three micro loaves were mixed in a 
Hobart-Swanson mixer for two minutes. Upon removal from the 
mixer, three SO-g doughs were scaled, fermented for two hours at 30°C, 
molded, and i)roofed in low-form micro pans for 55 minutes at 30®C. 
The doughs were baked for 20 minutes at 230®C. The three loaves 
were weighed together, their combined volume determined by seed 
displacement, and the specific volume computed. Thirty minutes 
after removal from the oven, the loaves were coated with paraffin 
and stored in airtight tins at 26®C, 

Determination of Staling, Two series of staling studies were made. 
In the first, the staling of the micro loaves was followed by means of 
the compressibility’^ technique, as outlincxl by Platt and Powers (1940); 
in the second, the crumb swelling technique, as modified by Cathcart 
and Lubor (1939), was used. 

Compression measurements were made with the Baker com- 
pressimeter in which the usual plunger was replaced by a much smaller 
one, measuring 3/4 inch in diameter, thus allowing for the testing of 
the small slices obtained from the micro loaves. Three slices, 0.5 inch 
thick, were cut from a single micro loaf with the aid of a mitre box, 
botli ends being discarded. Two separate compressions were measured 
on each slice, one covt^ing the upper, the other the lower half of the 
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slice During each individual detcrniination, the depth of compression 
or the strain, as measured in mm, was lecoided at stresses of 20 and 
40 g Tests were made on the thiee loaves baked fiom <i single miv 
at intervals ot 3, 9, and 27 hours, resi>ectivcl>, aftei baking, and were 
duplicated on another sciies of loaves bakcHl on <i dilfcTont day. 




No f whLt of micro loaves baked fiom gluten-starch mixtures. In loaf 

starch wm m loavw No. 2 to 4 the starch component comprised mixtures of wheat 
and waxy maue starch and contained 10, SO, and 100% waxy maSSe respectively 
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The crumb swelling tests were made at 3 and 27 hours after baking 
and were duplicated on different days. 

Results 

Increasing tlie percentage of waxy maize starch in the gluten-starch 
mixtures incre<ised the absorption and decreased the rate of dough 
development during mixing; also during fermentation the doughs 
tended to bi^come dry. As can be seen from Figure 1, increasing the 
percentage of wa\\' maize starch produced a decrease in the quality 
of the bread. The crust became glazed and sugary in appearance and 
the loaf volume <lecreased. The crumb became less rigid, resulting 
in excessive shrinkage upon cooling, and was gummy in nature. These 
gumm>' characteristics were so pronounced that it was impossible to 
slice the bread made from gluten and all waxy maize starch, and com- 
l)rcssibility tests could not be made. 


TABLE I 

Effect of Txml t)N Comprkssibilitv of Bread Crumb of Loaves 
Containing \Arving Amounts of Waxy Maize Starch 


Composition ol 
staich mixtuio 

.Specific 

lodi 

\olunie 


Moan coinpiession in mni 


Stiess—20 

Elapsed time—hours 

Strobs—40 g 

Elapsed time—hours 

3 

9 

27 

3 

9 

27 

Wheat 

Wa ty fMaiae 








% 

% 








100 

0 

1.39 

0.891 

0.52 

0.28 

1.95 

1.02 

0.47 

90 

10 

1.43 . 

1.18 

0.60 

0.35 

2.24 

1.21 

0.59 

50 

50 

1.14 

1.21 

0.74 

0.31 

2.18 

1.25 

0.54 


T'lu‘ compresvsibility tests recorded in Table I show that while wax;^' 
maize starch increases the comi)rcssibility of the crumb, it does not 
delay the rat<‘ of staling, UvS measured b>' the relative changes in 
compressibility with time of storag<‘. For example, the decreases 
in cam'll) comprt‘ssibility in 24 hours with a stress of 20 g were 0.61, 
0.83, and 0.90 mm for 100% wheat starch, 10% waxy maize, and 50% 
waxy maize starch respectively. The corresponding compressibility 
decreases for 40 g stress were 1.48, 1.65, and 1.64 mm. Relatively 
large errors are involved in compressibility measurements. Noznick 
and Geddes (1943), working with cakes, showed that increased pre¬ 
cision is obtained by making the tests at the higher stresses. On this 
basis, the results obtained at a stress of 40 g are probably the more 
significant, and it may be concluded that waxy maize starch has rela¬ 
tively little influence on the rate of hardening of bread crumb. 
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The low gel rigidity of waxy maize starrli pastes naturally raises the* 
question as to whether this component of the gluten-starch mixturCvS 
contributed materially to the stnictural rigidity of tln^ crumb. There 
was an a] 3 parent slight increase in crumb <’oinpressihility of th(' bnsad 
containing waxy maize starch, l)ut the inen^ase was not progressive as 
the proportion of this starch was increased. As th<‘ <ip])licability of 
this method of measuring staling in the instance of the gunimv crumb 
obtained when waxy maize starch was |)resent was open to some 
question, swelling tests were made as an additional measure of staling. 


TABLE II 

ErFEcr or Iimp on inh Swelun<; Capvcii’Y ok Brlad Crumb oi* Loaves 
Coni ximng Varying x\mounts of Waxy Maize 





Volume of centiifugate ‘ 


Composition of bUrch mixture 

Specific lout 
volume 

Elapsed time—houi s 

Diftetenco 
m volume 




3 

27 


Wheai 

Waxy matze 





% 

% 

cc 

ml 

Vll 

ml 

too 

0 

1.13 

4.<) 

4.1 

0.5 

90 

10 

1.20 

4.4 

1.1 

0.3 

50 

50 

0.95 

6.0 

3.8 

2.2 , 

0 

100 

0.92 

7.2 

5,4 

1.8 


1 Volume toi 2 g of crumb (original moistuie ba'iis). 


The results, recorded in Table IJ, show that waxy maize starch 
increases the swelling capacity’ of the crumb when compared at the 
same time interval after baking. The presence of this starch resulted 
in a greater decrease in swelling capacity over the 24-hoiir time interval 
than occurred with wheat starch. It is noteworthy, however, (hat the 
actual swelling capacity of the curnb in which the starch component 
consisted entirely' of wiixy maize starch was somewhat higher after 
27 hours* storage than the crumb for all wheat standi after 3 hours* 
staling. The wavshings obtained from the erimih became ])rogressivcly 
more slimy as the percentage of waxy maize starch wavS increased. 

Discussion 

Though limited in scope, these studies show quite definitely that 
waxy maize starch has a very detrimental cffcxrt on dough and bread 
quality and is of no value in decreasing the rate of staling. In fact, 
as measured by the change in crumb swelling capacity, the staling 
rate is increased. Though less complete, additional studies employing 
waxy sorghum starch gave similar results to those obtained with waxy 
maize starch. 
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As waxy starches are <\ssentially free of amylose, the results indicate 
tliat the staling of bread at least cannot he solely attributed to the 
mark('d retrogradation tendencies of this component of wheat starch. 
The* ease \vith which stale bread can be freshened, such as by heating 
at a t<Mnpc‘ratiir<‘ of approximately 60®C for a few minutes, is not in 
line with the j)ostulatc that the amylose fraction is the primary 
factor, sinc(" retrogradcxl am) lose must be subjected to prolonged 
autoclaving to bring it into solution. 

Since the swelling capacity of the cnimb in which the starch com- 
])onent consisted only of waxy maize starch markedly decreased with 
age, it would appear that changes in the amylopectin component of 
wheat sLarc'h may well be a primary factor in the bread staling process 
if it is asvsunicd that the properties of the amylopectin from these two 
sources are similar. Such a view is difficult to reconcile with published 
researchers showing that amylopectin solutions exhibit little tendency 
to retrograde. Yet, it is quite conceivable that retrogradation of the 
branc'hed chain ('omponent of wheat starch may occur under the condi- 
tions existing in bread. Retrogradation studies have usually been 
limited to solutions containing less than 10% of starch which is many 
times less than that in bread. Schoch (1941) has pointed out that the 
rate of retrogradation of starch solutions increases with concentration. 
In spite of the difficulty of highly branched molecules to orient into a 
crystalline-like stniclure, aggregation of amylopectin molecules may 
conceivably occur in bread where the starch is considered to have 
undergone only a restricted type of gelatinizalion and where the 
high gel concentration increases the probability of alignment of the 
branches. 

Summary 

Bread was baked from gluten-starch mixtures, the starch com- 
])onent of which consisted of mixtures of wheal starch with various 
qiianlitii‘s of waxy maize starch. The rate of staling was followed by 
comprewssion and swelling tesits on the crumb. 

Flour absorption and dough development time increased, and 
specific volume and cnimb rigidity decreased, with an increase in the 
percenUigc' of waxy maize starch present. Complete substitution of 
waxy maize starch for wheat starch gave loaves which were charac¬ 
terized externally by a shiny, sugary crust and internally by a gummy, 
compressible crumb and excessive shrinkage after baking. 

Crumb compressibility and crumb swelling capacity, measured 
three hours after baking, were increased when the starch of waxy 
maize was substituted for that of wheat. Upon storage, crumb com¬ 
pressibility of loaves containing waxy maize decreased at about the 
same rate as that of loaves inatle from mixtures of gluten and wheat 
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Starch. Swelling oaparil> <»f the cnmib decreased more rapidly with 
time when waxy maize starch w<is present. 

These studies suggest that bread staling is associated Avith changes 
in the branched chain component (amylopectin) of wheat starch. 
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EFFECT OF SOY FLOUR AND NONFAT DRY MILK SOLIDS 

IN WHITE BREAD ON THE NUTRITIONAL QUALITY 
OF THE PROTEIN AS MEASURED BY THREE 
BIOLOGICAL METHODS 

SniRidCY (\ Carlson, F. II. Hafner, and J. W. Hayward 

Biological Research and Development, Archer-Daniels-Midland Company, 
Minneapolis, Minnesota 

(Received for publication January 16, 1946) 

The nutritional quality of white bread ^ has received considerable 
study, especially during the recent war years, and the resulting “en¬ 
riched bread’* program has undoubtedly improved the American diet 

1 The term» white brwul and whole wheat bread, as used tluousliout tliis paper, refer to tlie prod¬ 
ucts defined in tlie propotk^ order of the Federal Swurity Agency (August 3, 1943). In referring to 
white bread or whole wheat bread made without milk or other optional proteinaceous materials, the 
terms white water bread and whole wheat water bread arc used. 
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with respect to the added vitamins and iron. The protein of white 
bread is another subject receiving considerable attention at present. 

Numerous experiments, using both human and animal subjects, 
have demonstrated that the protein of whole wheat flour and bread, 
in spite of lower digestibility, has superior nutritional quality to that 
of white flour and white water broad. Publications of the following 
are cited as axamples: Murlin, Marshall, and Kochakian (1941), 
Rostorfer, Kochakian, and Murlin (1943), Chick (1942), reviews by 
Boas FLxsen (1935), and Copping (1939). French and Mattill (1935) 
found no difference in biological value between white and whole wheat 
breads, but their work is not strictly comparable with the above, 
since their “whole wheat” bread was 50% white flour and both breads 
contained an unspecified amount of nonfat dry milk solids.^ 

The chief deficiency of wheat protein is the amino acid, lysine. 
This was shown as early as 1914 hy Osborne and Mendel (1914) and 
was confirmed by Mitchell and Smuts (1932), using paired feeding. 
Light and Frey (1943), using ad libitum growth tests with rats, demon¬ 
strated that lysine is the primary amino acid deficiency and valine 
the secondary. 

Nonfat milk solids, which supply' lysine and valine, have been used 
rather extensively by the baking industry in white bread in percent¬ 
ages up to 6% of the flour. Fairbanks (1939), using paired feeding, 
Light and Frey (1943), using ad libitum feeding, and Mitchell, Hamil¬ 
ton, and Shields (1943), using both feeding techniques, have shown 
that 6% nonfat milk solids effect improvement in the growth-promot¬ 
ing properties of white water bread. This same improvement was 
effected in white flour in an ad libitum feeding trial by Hove, Car¬ 
penter, and Harrel (1945). Mitchell et aL (1943) and Light and Frey 
(1943) found 6% white milk bread ® equal to whole wheat water bread 
in their trials. 

The protein of soy flour, due to its Ij'sine and valine content, may 
also be used to increase the nutritional quality of white flour protein. 
The lysine content of soy protein is 5.4% and that of milk protein is 
7.5%; the valine content of both proteins is identical, 4.5%. Defatted 
soy flour, however, contains about one and one-half times as much 
protein as nonfat milk solids. Therefore, defatted soy flour actually 
contributes an equal amount of lysine and more valine than nonfat 
milk solids when similar percentages of either are incorporated into 
bread. This is illustrated below: 

> Nonfat dry milk solids vdll be referred to hereinafter as nonlat milk solids. 

»The term 6% white milk bread refers to bread made with 100 parts of white floui plus 6 parts 
of nonfat milk solids. Likewise the term 5% white soy bread means bread made with 100 parts of 
wMte ft om jgns S iiarts of soy flour. Three percent white milk bread and 3% white soy bread are 
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Protein 

Lysine 

Valine 


% 

% 

% 

Soy flour, defatted 

50.0 

2.7 

2.3 

Nonfat milk solids 

35.0 

2.6 

1.6 

White water brcatl 

l.LO 

0.19 

0,33 

3% white hoy bread 

14.5 

0.27 

0.38 

3% white milk bread 

13.9 

0.27 

0.36 

5% white soy bread 

15.3 

0.33 

0.41 

6% white milk bread 

14.8 

0.33 

0.40 


The amino acid figures for the proteins of soy flour, nonfat milk 
solids, white flour,* and bakers’ yeast® were taken from Block and 
Bolling (1945) and were used to calculate the amino acid content of 
the breads. 

Earlier nutritional studies on the use of soy flour in bread, reviewed 
by Horvath (1938), demonstrated the definite supplemental effect of 
10% to 30% soy flour. Recently work has been done on the contribu¬ 
tion of low percentages of soy flour to the nutritional quality of bread 
protein. 

Jones and Divine (1944), using an ad libitum growth test, compared 
the supplementary value of several proteins to white flour. They 
reported th<nr data in the form of both total gain in body weight and 
protein efficiency.® They placed emphasis on the gains in body weight, 
and so concluded that 5% expeller soy flour was inferior in supple¬ 
mentary value to 5% nonfat milk solids when combined with 95% 
white flour. However, their results for protein efficiency showed that 
the 5:95 soy flour and the 5:95 nonfat milk solids mixtures with white 
flour were equal. It seems more valid to emphasize their protein 
efficiency data, since the food intake was not equalized. The results 
of Harris, Clark, and Lockhart (1944), who used an ad libitum growth 
test, showed that a 3% white soy bread made with full-fat soy flour 
was equal to a 4% white milk bread in the nutritional quality of pro¬ 
tein, both brcatls being superior to white water btead. Their 5% 
white soy bread was equal to their 6% white milk bread in the same 
test. In addition, they found u bread containing both 3% full-fat 
soy flour and 3% nonfat milk solids sutyerior to either 5% white soy 
bread or 6% white milk bread. Volz, Forbes, Nelson, and I^oosli 
(1945), using both a paired feeding growth test and nitrogen balance 
technique, showed that 5% full-fat soy flour improved the protein 
efficiency and biological value of the protein of 3% white milk bread. 

Biological methods for measuring differences in nutritional quality 
between proteins from various sources are of two types: nitrogen 
balance studies, in which dietary nitrogen retention is the basis for 

* 1.9% lysine and 3.4% valine in white flour piotein. 

> 6.4% lyeine and 4.4% vulino in bakent' yeast protein. 

* The term protein cmciency is used in this paper to dcbignnte gtamb gain in weight pei gram ot 
protein eaten* sometimett rofened to aa nutritive value of ptotoin. 
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evaluating proteins, and animal growth studies, in which bod^^ protein 
gain and protein efficiency may be taken as the measure. Two methods 
of feeding have been used in the latter type of test—^ad libitum and 
equalized. All methods have been subject to criticism and their limita¬ 
tions and advantages have been discussed by Barnes, Maack, Knights, 
and Burr (1945), and Mitchell (1944), authorities representing different 
points of view. 

The purpose of the experiments reported herein was to determine 
by the various biological methods the nutritional quality of the pro¬ 
tein in white water bread, white bread containing low levels of soy 
flour, white bread containing similar levels of nonfat milk solids, and 
whole wheat water bread. This procedure was adopted in order to 
establish reliability of the results, in view of the differences of opinion 
on methods of evaluating the nutritional quality of food proteins. 


Materials and Methods 

Three experiments were included in this investigation. Experi¬ 
ment I was a growth assay using ad libitum feeding. Experiment II 
was a growth assay in which food intake was equalized. Body protein 
storage measurements were included as part of the latter assay. Ex¬ 
periment III was a nitrogen balance study. 

Six types of experimental breads were used: white water bread, 
3% white soy bread, 5% white soy bread, 3% white milk bread, 6% 
white milk bread, and whole wheat water bread. All breads except 
the whole wheat water bread were made from enriched flour.The 
experimental breads were incorporated into the diets at levels to pro¬ 
vide 10% protein (N X 6.25).^ These diets, formulated for nutri¬ 
tional completeness with respect to all known non]M*otein niitrientb, 
derived their protein solely from the breads. 

Preparation of the Breads. The breads usckI in tlicbe studies were 
prepared in laboratory equipment using a straight-dough mix. The 
formula consisted of enriched white flour (80% patent) 100 parts, 
compressed yeast 2 parts, sugar 3 parts, salt 2 parts, shortening 2 
parts, Arkady® 0.45 part, and water as determined by absori)tion.*® 
The stipulated number of parts of soy flour and nonfat milk solids 
was added to 100 parts of enriched white flour. 

The enriched white flour and the whole wheat flour were made 
from the same blend of hard spring wheat. The enriched white flour 


^ The ennchineiit complied with mmimum requirements ob published by the Federal Security 
pwSd?of^wr^* which are. thiamine 2.0 mg, riboflavin 1.2 mg, niacin 16 mg, iron 13 rag per 

« Since there was no one factor appropriate for all the breadb tested, the 6J5 factor was used in all 
c^tmlath^ involving conversion of Kjeldahl N to protein in this paper, as m the publication of Hove 
et al. (1945). 

NH4CI, CaSOi, KBrOs, and a starcli filler used as a dough improver. 

Enriched white flour had an absorption of 66%. The other flour mixes had higher absorptions 
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^^<ls bleachocl with Novadel (active princi]>lc, 1kmu()>1 jxiroxicle) and 
\gene (nitrogen trichloride) according to commercial practice. The 
boy flour was of the defatted ” type and the nonfat milk solids were a 
spray-dried product; both were made expressly for bakery use. The 
analysis of these bread ingredients is given in Table I. 


TABLE I 

Analysis of Bread Ingredients 


Ingredient 

Typo 

Moisture 

Protein 

Fati 

\8h 



% 

% 

% 

% 

I^^nriched white flour 

Hard spring 

13.1 

12.8 

0.9 

0.4 

Nonfat milk solids 

Spray dried 

S.3 

37A 

0.7 a 

— 

Soy flour 

Whole wheat flour 

Defatted 

7.3 

50.6 

1.2 

5.8 

Hard spring 

12.1 

15.3 

2.1 

1.8 


1 Ethel cxtruct lollowing acid hydrolysis. s Rohiig tube method of Roesc-Gottlieb, 


The douglis were mixed in a Hobart Mixer for 1 minute at low speed 
and for 4 minutes at medium speed. When delivered from the mixer, 
they had an average temperature of 80®-82®F. The fermentation 
schedule was first punch 1] hours, to bench \ hour, to molder 
\ hour; total fermentation time 2^ hours at 80®F. The fermented 
doughs were panned, proofed 60 minutes at 90®F, and baked 30 
minutes at 42S^F in a rotary-hearth type oven. The freshly baked 
breads were sliced, air-dried, and ground to a powder of approximately 
80 mesh. Table II contains the analysis of the dried breads as they 
were used in the diets. 


TABLE II 

Analysis of !>ried Breads 


Desiiiptiun ol btc.uls 

1 

I 





Biead lima 

1 Piotein iiuppleniont 

Moistiu (* 

Protein 

Fat J 




Faitfai 

% 

% 

% 

% 

Enriched white 

None 


9.6 

13.0 

3.0 

2.5 

Enriched white 

Nonfat milk solids 

3 

8.4 

13.9 

3.3 

2.6 

Enriched white 

Nonfat milk solids 

6 

7.5 

14.8 

3.4 

2.6 

Enriched while 

Soy flour 

3 

7.0 

14.5 

3.5 

2.6 

Enriched white 

Soy flour 

5 

6.9 

15.3 

3.0 

2.6 

Whole wheat 

None 

1 

7.2 

14.2 

j 

3.6 

2.9 


1 Parts added to 100 parte ot wliite flour * Ether cvtract following acid hydrolysis. 


Preparation of the Diets, The diets were formulated according to 
the following basic pattern: rlried bi'ead to supply 10% protein, 


»Hexane extracted. 
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minerals 4.0%, cod liver oil 2.0%>, celluration to equalize crude 
fiber af ai)proxiniati'K’ 2*^^, soybc<in oil to equalize fat at 6%,, and 
('orn starch to make up the balance of the diets. In Experiment I, 
4.0% of B“Complex vitamin solution was incorporated into the diets. 
In F)xperinients If and HI each rat iweived orally 0.4 ml of the B- 
complex vitamin solution every day. Mixtures of dry ingredients, 
equivalent to 6 kilograms of complete diet, were prei^ared for each lot. 
Kilogram quantities were mixed with the liquid ingredients as needed. 
Protein analyses of the complete diets are given in column 2 of Table 
111. The <liets were compounded according to the wsame formula 
throughout the investigation. 

Feeding and Experimental Fracedureis. The rats used for all tests 
were weanling male albinos of the Sprague-Dawley strain, 24 to 25 
days old and weighing 40 to 55 g. Within any one of the three assays 
to be described the animals did not vary more than 10 g in weight. 
They were individually caged and given access to water. C\igcs were 
located in a well-lighted, air-conditioned animal room. Temperature 
was maintained at 75° ± 2°F at a relative humidity of 50% to 70%. 
The procedure for each of the experiments is described below: 

7. Growth Assay—Ad Libitum Feeding. This experiment was a 56-day growth assay 
using a modification of the method of Osborne, Mendel, and Ferry (1919). 
Thirty-six rats were distributed at random into six lots of six animals each. 
Each animal was weighed during the same hour on three consecutive days at 
the start to obtain average initial weight, and at 7-day intervals for 8 weeks 
thereafter. Final weights were determined in the .same manner as were the 
initial weights. 

The diets were oflered ad libitum in cups designed to minimize spillage. 
The food was weighed fresh each day, and the rejected food from the previous 
feeding was discarded. Individual food consumption records were averaged 
at 7-day intervals for each lot. The total weight of protein consumed per rat 
during the 56-day assay period was determined by multiplying the total feed 
consumed by the actual percentage of protein in the did. 

77. Growth Assay—Equalizea Intake. Technique lor this aswiy was the same as 
described above, except that the total food intake of all animals in this assay 
was equalized with that of the rat which consumed the least, provided that this 
rat was not obviously abnormal. This ass«iy was conducted lor 6d days. Pro¬ 
tein efficiency data were obtained at the end of 56 flays; body protein storage 
was determined at the end of 63 days. 

Body Protein Storage. To obtain analytical data on the body' protein 
gains of the rpts, the carcass of each animal was opened, the digestive tract 
removed, and washed free of its contents. The unground carcasses and digestive 
tracts of the six animals in each lot were then digested in about 3,000 ml of 20 % 
HjS 04 until a uniform solution resulted. Digests were diluted to volume and 
aliquots analyzed for total nitrogen content as described in A.O.A.C. Official 
Methods of Analysis (1940). Eleven weanling males were analyzed by the 
above procedure to obtain the initial average protein content of the rats; body 
protein gains were calculated on the basis of these determinations. 

“ Osbome-Mendel-W«8on Salt Mixture (Wesson, 1932) modified to contain 0.13 g of ZnSOi *7 HjO 
per kilogram. 

“ Process^ rice hulls, analyzing approximately 65-70% crude fiber and 0.0% protein and pur¬ 
chased from Fisher Scientific Company, Chicago, Illinois. 

« Thiamine, riboflavin, and pjmdoxine 300 ftg each, niacin 2.S mg, calcium pantothenate 1.1 mg, 
para-anpiobenzoic add 7.5 mg, and choline hydrochloride 16.6 mg dissolved in 4 ml of water and usiea 
on the basis that 4 ml is eQual to 4 g. 



TABLE III 

SuMifARV OF Experimental Data and Results 
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III. Nitrogen Balance Test. The bioloj»ical value and digestibilily lor each protein 
were determined using the tochnuiue of Mitchell and Qirman (1926), with 
modilicalions described by Mitchell (194,^). The nitrogen baljinco experiment 
was carried out in two parts. Part A, using eight rats, was a coni[)arison be¬ 
tween 5% while soy bread and w'hite water broad, 'fhis tost involved an initial 
standardiEAtion jx^riod during which a nitrogen-free ration (0.062% N) was 
fed to all rats for a 4-dav preliminary ixTiod, and lor a 3-day test period in which 
urine and feces wcto collected. 'Hie animals were tluMi tlivided into two groups 
of four rats each, and each group was placed on one ol the test rations for a 4-day 
preliminary and a 7-day collection period. Following this, the diets were re¬ 
versed for a similar period. Food intake was equali/cd throughout the test 
in the same manner as for the growth test with equalized feeding. 

Part B was a comparison of white water bread, 3% white .soy bre«id, 3?,', 
white milk bread, 6% white milk bread, and whole wheat water l)read. Bio¬ 
logical values for the protein in these breads were determined using 10 rats for 
each bread. 'Phis test was conducted in the same manner as Part A, except that 
a final nitrogen-free period, similar to the initial <me, was run after the two 
periods in which the tost diets vv.ere fed. An average of initial and final en¬ 
dogenous nitrogen was used in calculating biological values. This variation 
was incorporated to reduce the relatively high endogenous nitrogen, and sub¬ 
sequently higher biological values obtained when using only an initial nitrogen- 
free period, as reported by Olson and Palmer (1940). White water bread was 
included in both Parts A and B so that a comparison of values by both procedures 
could be made. 


Results and Discussion 

The results of all the experiments ar<‘ shown in Table JII.*® Sta¬ 
tistical analyses of the data were made by the nu^lhod of Sncdecor 
(1940), using covariance analysis for the ad libitum growth study and 
analysis of variance for both evaluations of the equalized feeding assay. 
Brandt's method of testing significance in reversal experiments, de¬ 
scribed by Snedecor, was used for the nitrogen balance test. 

All the methods used showed that the proteins of the two white 
soy breads and the two while milk breads w<‘re sui)erior in nutritional 
quality to the protein of white water bread. As measured by the bio¬ 
logical values and the protein efficiencies from both growth assays, the 
ilifferences between white soy or white milk breads and white water 
bread were in all cases statistically significant, 'rhe^ btxly protein 
gains, food intake being equalized, wert' significantly higher for S% 
white soy and 6% white milk breads than for white water l)read; the 
body protein gains for 3% white soy and 3% white milk breads were 
also higher than for white water bread, although these latter dife 
ferences were not statistically significant. 

The 3% white soy bread was equal in the nutritional quality of the 
protein to 3% white milk bread, both breads being superior to whit- 
water bread, as determined by all three €xp)crimental methods. Our 
results for these breads are given below with the results of other 
investigators: 


“ Complete data for the nitrogen balance test may be obtained from the authors on request. 
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Biological value 

Protein efficiency 

Body 

protein 

gains 

Ad libitum 
intake 

Equalized 

intake 

This 

paper 

Henry 
et al. 
(1941) 

Volz 
et al. 
(1945) 

This 

paper 

Hart Is 
et al,^ 
(1944) 

This 

paper 

VoLfi 
et al. 
(1945) 

This 

paper 


% 

% 

% 





s 

Bread 









White water bread 

39.2 (A) 

44.7 


0.87 

0.51 

0.66 


4.2 


38,9 (B) 








2 % White milk bread 

— 

47.6 


— 

— 

— 


— 

3% White milk bread 

45.6 


43.3 

1.01 

— 

0.83 

0.97 

5.0 

3% White soy bread 

46.5 



1.00 

0.69 

0.85 


5.2 

4% White milk bread 

— 



— 

0.67 

— 


— 





Jones & 

Hove 








Divine 

et al. 








(1944) 

(1945) 




Flour 









White flour 




0.75 

0.84 


0.80 


While flour, 97 parts 





1.00 




-hN.M.S.,* 3 parts 










1 The valuet) reported by Harris et al, (1944) were converted to protein efficiency values by di¬ 
viding by the factor 6.25 for convenience in comparing data. 

3 Nonfat milk solids. 


The protein of 5% white soy bread was found equal to the protein 
of 6% white milk bread in nutritional quality when comparing biologi¬ 
cal values, protein efficiencies, and body protein gains, using equalized 
feeding. The protein efficiencies for these same breads in the ad 
libitum assay showed 5% white soy bread to be significantly better 
than 6% white milk bread, although neither bread differed significantly 
from whole wheat water bread. A comparison of our results with 
those reported in the literature is tabulated on page 314. 

Since our protein efficiency results for 5% white soy bread and 6% 
white milk bread in the ad libitum feeding test do not agree with those 
reported by Jones and Divine (1944) with flours or Harris et al, (1944) 
with breads, the possibility that heat of baking may have had .some 
effect on the |x;rformancc of soy and milk proteins is receiving 
consideration. 

In any of the experiments included in our study, the nutritional 
quality of the protein in either 5% white soy or'6% white milk bread did 
not differ statistically from that in either 3% white soy or 3% white 
milk bread, with one exception. This was in the ad libitum growth 
assay in which the protein efficiency of 5% white soy bread was sig¬ 
nificantly higher than that of the other white breads. However, 
biological values and protein efficiencies from both growth assays 
showed that there was a significant (odds 19:1) difference between 3% 
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Piolcm efficiency 









Bt^dv 


Biological \ alue 


1 



piotein 



Ad libitum 

Kquali/ed 

gdiiib 



intake 

intake 



This 

ilcnrv 
*l al 

Vol/ 
tt al 

I his 

Uan IS 
ei al 

Ihis 

Vol/ 
et aL 

lliis 


p.ipei 

i 0911) 

(t'JJS) 

papci 

(lOU) 

paper 


pappi 


B 

% 

* a 






Bread 

■■ 








5% White bo^ bread 

50.6 



1.25 

0.75 

0.93 


5 9 

6 % White milk bread 

49.0 

49.7 


1.07 

0.76 

0.91 

— 

6 0 

White (3%) milk (5%) 

— 


47.7 

— 


— 

1.17 

— 

soy bread 









Whole VI heal water bre<id 

4S.9 



1.18 


0.75 

- 

4.2 





Jones & 

lIo\e 

Bdtncs 







Divine 

it al. 

€t al 







(1941) 

(1915) 

(1915) 



Flour 









White flour, 95 parts 









H-Soy flour, 5 parts 




1 38 





A\Tiite flour, 95 parts 









4-N.M.S.,i 5 partb 




1.44 



1.13 


\\hite flour, 94 parts 









6 parts 





1.19 




Whole wheat flour 




1.15 

1.40 

i 

o 




1 Nonfdt milk bohds. 


white soy or 3% white milk bread and white water bread proteins, 
while there was a highly significant (odds 99:1) difference between 
5% white soy or 6% white milk bread and white water bread proteins. 
The body protein storage data showed this same trend. Therefore, 
our results by all biological methods showal that the nutritional 
quality of the protein in white bread iacreavsed us the percentage of 
soy flour or nonfat milk solids addal to the bread was incnvised from 
3% to 5% or 6%, 

The biological values of the ])r<)teins show<.Kl whoK‘ \\he<it water 
bread to be superior to white water bread, equal to 3% white so>’' or 
3% white milk bread, but slightly inferior to whit<‘ soy or 6% 
white milk bread. In our ad libitum growth asvsay, th(» prottun 
ciency of whole wheat water bread was significantly highcT than the 
protein efficiencies of white water bread, 3% white soy, or 3% white 
milk bread, but did not differ significantly from those of 5% white 
soy or 6% white milk bread. However, in the growth assay employing 
equalized food intake, the protein efficiencies and body protein gains 
for whole wheat water bread did not differ significantly from those for 
white water bread. Under the same conditions, the protein effi¬ 
ciencies and body protein gains of whole wheat water bread were 
slightly lower than those of 3% white milk or 3% white soy bread, 
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and significantly lower than those of 6% white milk or 5% white 
soy bread. 

These results are in contrast to those of Mitchell et al. (1943) who, 
in their paired feeding assay as well as in their ad libitum assay, found 
equal growth-promoting value for whole wheal water bread and 6% 
white milk bread, white water bread being inferior. They were, 
however, feeding the entire breads plus cod liver oil and hence a higher, 
as well as a more variable, protein level than was used in our study. 
The protein analyses for their white water bread, 6% white milk bread, 
and whole wheat water bread were 14.06%, 14.75%, and 15.75%, 
respectively. 

Our results arc in agreement with those of Barnes et al. (1945) 
who reported a lower protein efficiency for whole wheat flour when food 
intake was restricted than when their animals were fed ad libitum. In 
their trial, the food intake of each rat was restricted by paired feeding 
for 54 days and then a period of ad libitum feeding was begun. The 
results we obtained for whole wheat water bread in our ad libitum and 
equalized feeding trials confirm their results as shown below: 



Piotein in 
diet 

Type of 

Daily food 
intake 

Protein 

efficiency 


% 


i 


This paper 

10.4 

Restricted 

5.1 

0.75 



Ad libitum 

7.4 

1.18 

Barnes et al, (1945) 

11.2 

Restricted 

3.44 




Ad libitum 

7.46 

1.03 


I'he nutrilional quality of the protein of whole wheat water bread 
apparently varies with the type of feeding and the level of protein in 
the diet. In our asjsay the use of different biological methods resulted 
in a change in relative rank of the protein in whole wheat water bread 
when compared with the ijroteins in the other breads as to nutritional 
quality. Whole wheat ])rotcin probably does not furnish sufficient 
amino acids for growth when the food intake is considerably restricted 
on a low (10%) protein diet. 


Summary 

Three biological methods were used to evaluate the nutritional 
quality of the protein present in white water bread, 3% and 5% white 
soy breads, 3% and 6% white milk breads, and whole wheat water 
bread. The three biological methods used were as follows: nitrogen bal¬ 
ance; two growth assays, one using ad libitum and the other equal¬ 
ized food intake; and body protein storage. 
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The results for the niilritional quality of the bn‘a<l prot('iu ob¬ 
tained by the throe methods showed that S^/o while s<)\ br<M(l and 3^^; 
white milk bread were equal, and that both of th<^s(^ bnM<ls were sig¬ 
nificantly better than white water bread. The white soy bread 
was at least equal to 6% white milk bread, and both of these were 
slightly superior to the white soy or A\hite milk bn^ads, <ind 
significantly superior to white water bread. 'Phe white so>' bread 
was equal to or better than whole wheat water bread, UvS was while 
milk bread, except in the ad libitum growth ass;i> wluTe the diffenmee 
was not significant. 

The three methods showed good «ign‘ement with r<\siKrt to the 
relative rank of the five white bread proteins, while the relative jxKsi- 
tion of whole wheat water bread ])rotein was <ip])*irenth relatinl to 
the lev(d of food intake. 
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THE VITAMIN B-COMPLEX CONTENT OF THE 
COMMERCIAL MILLING PRODUCTS 
OF EGYPTIAN RICE 

Stanley A. Price 

Research Laboratories, Vitamins Ltd., London, England 
(Received for publication October 29, 1945) 

Kik and Van Landingham (1943, 1944), Williams, Knox, and 
Fieger (1943), and Kik and Williams (1945) have published extensive 
figures for the vitamin B-complex content of man>' varieties of rice 
grown and milled in the principal rice-producing localities of the United 
States. No similar data appear to be available for Egyptian rice, and 
the present investigation was undertaken at the suggestion of the 
Ministry of Food in September, 1944. Interest lay primarily in the 
distribution of the vitamins of the B 2 complex, but a few figures for 
thiamine (Vitamin Bi) were also obtained. 

Materials and Methods 

The paddy used was Egyptian-grown from a hybridized Japanese- 
type seed. With the exception of the tail-ends, all the samples were 
drawn from a single bulk mill lot of 12.5 tons of paddy. 

Thiamine was determined by the method of Harris and Wang 
(1941). 

Pyridoxine was determined by the method of Stokes et al, (1943), 
using the pyridoxinless” mutant (No. 299) of Neurospora sitophila 
as test organism. 

Riboflavin was determined by the method of Snell and Strong 
(1939), using Lactobacillus helveticus, as modified by Barton-Wright 
and Booth (1943). Extracts were prepared by autoclaving 1 to 5 g 
of the finely ground material with SO ml 0.1 N hydrochloric acid for 
IS minutes at 15 pounds per square inch, followed by precipitation and 
filtration at pH 4.5 as recommended by Strong and Carpenter (1942). 
This latter modification is essential for the assay of cereals with (he 
media at present in use, as it minimizes the “drift” so frequentl}^ ob¬ 
served in the assay of substances of this type. Even so, some non¬ 
specific growth-stimulation is frequently obtained at the lower ribo¬ 
flavin levels, and it is considered that the technique is still capable of 
improvement. Precautions were taken to ensure uniformity of in¬ 
cubation temperature, as stressed by Price and Graves (1944), and the 
tests were incubated for 72 hours in a mechanically stirred water bath 
at 40 dz 0.05X. 
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Nicotinic Acid wab determined by a microbiological method using 
Lactobacillus arabinosus. The medium was that described by Snell 
and Wright (1941), although in subsequent work the modifications 
proposed by Krchl, Strong, and Elvehjem (1943) have been adopted. 
Extracts of samples for assay were prepared by autoclaving 1 to S g of 
the finely ground material with 50 ml N hydrochloric acid for IS min¬ 
utes at 15 pounds per square inch. After cooling, the pH was adjusted 
to 6.8, the extracts suitably diluted for assay and filtered. In our 
experience this has proved one of the most satisfactory of the micro¬ 
biological methods. Agreement between the titrations on duplicate 
tubes is consistently good, and excellent reproducibility is obtained 
when the sample is assayed on different occasions. 

Results and Discussion 

The values obtained arc shown in Table I. Since the proportions 
b> weight of the by-products and of the finished rice are known, it is 
of interest to investigate the distribution, during the milling process, 
of the vitamins originally present in the paddy. The distribution of 
nicotinic acid, pyridoxinc, and riboflavin is shown in Table II. 


TABLE I 

VnAMiN B-Compllx Content of Rich Millixo Fiuvctions 


, Svitnple 

Vitamin content 

Nicotinic 

acid 

PyndoMne 

Ribofld\ m 

rhiammc 



hr/8 

HR/R 

hr/8 

Padd> 

50.4 

8.1 

0.66 

— 

Loon/ain (brown rice) 

50.6 

— 

—- 

— 

Hulls (husks) 

9.2 

3.6 

0.49 

— 

Isl Coning Rice 

33.4 


— 

— 

2nd Coni nil Rice 

20.9 


— 

— 

Meal from 1st Conini* 

506.0 

63.0 

2.2 

U.8 

Meal from 2nd Conini» 

^65.0 

52.0 

2.6 

?6.9 

Fannings ^ 

98.8 

14 6 

1.2 

6.9 

Dusty chafl ^ 

128.0 

14.5 

1.2 

4.2 

Brokens‘ 

42.6 

5.7 

0.76 

- 

Tail ends 

57,5 

5.5 

0.55 

— 

Finished rice 

17.6 

3.4 

0.35 

— 


1 The terms “fAnnings" and “dusty chaff” are colloqiiidlismb used by the miller tor by-products 
compost mamly ot meal and line husks. “Brokens” includes both the “screenings” and “brewer’s 
nee" of Amencan milling practice 


The results are in general agreement with those for American- 
grown rice published by Kik and Van Landingham (1943 and 1944) 
and Williams, Knox, and Fieger (1943). Our value for the nicotinic 
acid content of hulls (9.2 mr/^)» however, is lower than that found by 
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TABLE II 

Distribij noN or B-Complex X'ifamins in ihl Rice Milling Process 


Sample 

%bj 

weight 

paddy 

Contribution made bv 
each traction per 100 g 
ot paddy 

' c Ot original vitamins 
retained in each traction 

Nico- 

tmK 

acid 

Pmi- 

doxiue 

Ribo- 
fia\ m 

Nico¬ 

tinic 

acid 

P> n- 
dovinc 

Ribo 

flavin 


% 


A*? 

MR 

% 

% 

Vo 

Paddj 

100 

5040 

810 

66 


100 

100 

Hulls (husks) 

16.01 

148 

58 

78 

2.9 

7.2 

11.8 

IVIeal from 1st Conme: 

3.3 

1670 

208 

7.3 

33.1 

25.7 

11.1 

Meal from 2nd Coning 

3.12 

1139 

162 

8 1 

22 6 


Hr iH 

Fannings 

1.36 

134 

20 

1.6 

2J 

2.5 

HrTB 

DusU’ chaff 

1.36 

174 

20 

1.6 

3.5 

2.5 

^K~lH 

Brokens 

3.32 

142 

19 

2.5 

2.8 

2.3 


Tail ends ^ 

7.72 

443 

42 

4.2 

8.6 

5.2 


Finished rice 

Weight loss on milling 

60.88 

2.93 

1072 

207 

21.3 

21.5 

25.6 

El 

Totals 

100 

4922 

(07.7%) 

736 

(91.0%) 

54.4 

(82.5%) 

97.7 

91.0 

82.5 


I This sample derived irom a different mill lot. 


Kik and Van Landing^ham (1944), who reported 14.0-25.1 Mg, g. 
Our nicotinic acid figures for the first and second coning meals (506 
arid 365 Mg/g) are higher than these authors’ findings (303.2-358.2 and 
259.5-316.0 fig/g) ; the^’ approximate more closely those of Williams, 
Knox, and Fieger (1943) for rice bran (334.8-487.4). We find higher 
thiamine and pyridoxinc values (34.8 and 36.9 Mg thiamine per gram 
and 63 and 52 Mg pyridoxine per gram) than were reported by Williams 
et al. (1943) for rice bran (26.6-30.1 Mg thiamine per gram and 23.8-38.6 
Mg pyridoxine pQr gram). Kik and Van Landingham (1943) report only 
0.25-0.41 and 0.25-0.49 Mg riboflavin pergram in screenings and brewer’s 
rice respectively, while 0.76 Mg g 'vvas found for broken rice in the 
l^resent work. 

The riboflavin is more evenly distributed throughout the grain 
than is the nicotinic acid; pyridoxinc is intermediate in this respect. 
A similar observation regarding the distribution of nicotinic acid and 
riboflavin in wheat has been made by Jackson, Doherty, and Malone 
(1943). 

The apparent difference between the total riboflavin content of the 
\^ious fractions in Table II and the riboflavin content of the whole 
paddy is within the limits of experimental error for samples of such 
relatively low potency. The “weight loss” (2.93%) is abnormally 
high, owing to the fact that the samples were drawn on the first day 
of milling. 
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Summary 

The nicotinic acid, pyridoxine, and riboflavin contents of Egyptian 
paddy and milling fractions are in substantial agreement with figures 
published for rice grown and milled in the United States. 

Of the nicotinic acid, pyridoxine, and riboflavin present in the 
original i)addy, 21.5, 25.6, and 32.3% of these factors respectively were 
retained in the finished rice, and 55.7, 45.7, and 23.4% were removed 
as rice meal. 
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THE QUANTITATIVE DETERMINATION OF 
MOLDS IN FLOUR i * 

Clyde M. Christensen 

Division of Plant Pathologj’ and Botany, 

University Farm, St. Paul, Minnesota 

(Received for publication January 21, 1946) 

Methods to determine the number of microorganisms in flour have 
been described by Kent-Jones and Amos (1940), and by Barton- 
Wright (1938), and have been included in Cereal Laboratory Methods 
(4th ed., 1941). These methods were designed principall37 to assay 
the number of bacteria, and while they presumably would apply 
equally well to the molds, there has been almost no attempt to deter¬ 
mine whether the^’ actually would permit an accurate mold census to 
be made of a given flour sample. 

The present study was undertaken to determine some of the chief 
factors that influence the number of molds cultured from a given flour 
sample. Preliminary work with samples taken from different streams 
in different mills, and with sterile flour to which known molds were 
added, indicated that the most important variables involved were: the 
composition of the medium on or in which the flour was cultured; the 
technic of making the dilutions; and the method of counting the num¬ 
ber of colonies in the culture dishes. Therefore most of our efforts 
were concentrated on these three variables. 

Experimental 

Culture Media, About 10 culture media were tested, the following 
ones fairly extensively: Smith-Humfeld agar, designed by Smith and 
Humfeld (1930) to facilitate the isolation of a large variety of organ¬ 
isms from soil; a penicillin assa^*- medium essentially the same as the 
Medium No. 1 described b^" Schmidt and Moyer (1944) but containing 
also 1.5 g of beef extract per liter; potato dextrose agar; potato dex¬ 
trose agar acidified by the addition of 0,5 ml of 50% lactic acid per 
100 ml of agar just before pouring into plates; malt agar containing 
2% malt extract and 2% agar per4ifef; and a malt-salt agar made as 
follows: - ' 

Malt extract (any of the several commercial brands tested were 


suitable). 20.0 g 

Sodium chloride. 75.0 g 

Agar, crude shredded. 20.0 g 

Distilled water to make. 1.0 liter 


1 Pap^ No. 2279, Scientific Journal Senes, Minnesota Agricultural Es^eriment Station. Coopera¬ 
tive investigation between the Division of Biochemistry and the Division of Plant Pathology and 
Botany^. ^ ^ 

• This investigation was aided by a grant from Wallace and Tieman Company, Inc., Newark, New 
Jers^. 
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The details of preparation of this medium are given later in the paper. 
It is somewhat acid (about pH S), and the salt concentration is high 
enough to inhibit completely the growth of any bacteria so far en¬ 
countered in flour. Common species of Rhizopus, Mucor, Alternaria, 
Penicillium^ and Aspergillus grow relatively slowly upon it. Such 
common and abundant inhabitants of flour as Aspergillus candidus 
and A, glaucus grow more rapidly and appefir in greater numbers on 
the malt-salt medium than upon any of the other media tested. 

Two flour samples, one containing a relatively small number of a 
few species of molds, the other containing a relatively large number of 
a greater variety of molds, were assayed on these five media, using the 
method described in detail later in the paper. The results are given in 
Table I. 


TABLE I 

Influence of the Culture Medium on the Number of Molds 
Cultured from Two Samples of Flour ^ 



Mold colonies per gram of flour 


Sample 1 

Sample 2 

Penicillin assay medium. 

. 160 

_ 2 

Potato-dextrose. 

.320 

960 

Smith-Humfeld. 

.. 550 

3800 

Acid potato-dextrose. 

.........1180 

3800 

Mall-salt. 

.1800 

5900 


1 Each figure is an average of five plates. 

* Almost no molds appeared on this agar; all five plates were overgrown with bacteria. 


Similar results were obtained in other tests. In most cases a given 
sample of flour yielded 50% more mold colonies on malt-salt agar than 
on Smith-Humfeld or acid potato-dextrose agar, and often yielded 
1000% more than upon the penicillin assay medium or ordinary potato- 
dextrose agar. These results suggest that to assay the molds in flour 
it is necessary to use a medium on which the majority of the molds 
present will grow better than the other organisms present in the flour. 
The malt-salt agar seems to fill this requirement for the more than 60 
flour streams we have sampled. This does not necessarily mean that 
it will be the best medium for assaying molds in all flour streams in all 
mills at all times. A slightly larger number of mold species have been 
cultured from certain flour streams on Smith-Humfeld agar than on 
malt-salt agar, but the malt-salt medium has consistently yielded a 
greater total number of mold colonies. 

Consistency of mold count among replicate plates, or between 
assays of the same flour sample on successive days is not necessarily 
indicative of the suitability of the medium. The same sample of first 
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break flour was assayed each da> for 10 successive days on Smith- 
Humfeld agar. Each assay consisted of four replicate plates. In most 
of these assays the flour w^as diluted 1:100, but some dilutions of 1:25 
and 1:50 were also used, to permit a comparison of dilutions. An 
average of 550 molds per gram was obtained from the total of 40 plates. 
Five of the four-plate tests averaged between 550 and 575 molds per 
gram of flour. The number of molds on any one plate fell mostly 
within ±10% of the general average, and usually the variation was 
less than ±5%. This was considered very satisfactory replicability. 
However, the same flour sample cultured by the same method on malt- 
salt agar yielded an average of approximately 1800 molds per gram. 

Comparison of Different Methods of Sampling, Three methods of 
sampling were tested: 

1. That described in detail later in the paper. 

2. The flour sample to be assayed was diluted as in Method 1, and 
1-ml aliquots of the suspended flour were flooded on the surface of a 
hardened agar medium. Best results with this method were obtained 
when the medium was prepared and poured into plates at least a week 
in advance of use. In that time the medium lost enough water to 
take up the 1 ml of liquid flooded over it within a few minutes. 

3. A dry sampling method. For this, a small metal cup was 
welded to a wire inoculating needle. The cup was sterilized by flam¬ 
ing, cooled, and filled by pushing it through the flour. Tapping the 
wire lightly, with the cup inclined at a slight angle, served to remove 
excess flour from the surface of the cup and insure that it was level 
full. In numerous tests, the amount of flour delivered by.this cup 
varied from 9.5 to 10.5 mg. 

Enough sterile, dry quartz sand was poured into a sterile Petri 
dish to cover the bottom sparsely. A 10-mg cup of flour was added, 
and the dish shaken until the sand had distributed the flour particles 
evenly over the bottom of the dish. The cover was then removed from 
this dish, and from a Petri dish containing the agar medium. The 
bottom Petri dish containing the agar medium was inverted over that 
containing the sand and flour. Two rapid up-and-down motions 
served to bring most of the sand and flour against the agar, to which 
it adhered. The two dishes were then inverted, that containing the 
flour now being uppermost. The upper dish was tapped sharply, 
causing the flour adhering to it to fall to the agar. The culture dish 
was then covered and the process repeated. 

Typical results of assaying two flour samples by these three meth¬ 
ods are given in Table II. The same batch of malt-salt agar was 
used in all cases. 

The three methods were compared extensively enough, with several 
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TABLE II 

Effect of Method of Sampling on the Number of Mold 
Colonies Obtained from Two Flour Streams 


Method of sampling 

Mold colonies per gram of flour 


Sample 1 

Sample 2 

Liquid dilution 



Suspended in medium.... 

. . ..I860 

5920 

On surface of medium. . 

.1780 

3020 

Dry, on surface. 

.1080 

4300 


flour samples and different media, to demonstrate rather conclusively 
that a higher and more consistent mold count could be obtained by 
suspending a liquid dilution in malt-salt medium. If media wer 
used in which bacteria grew moderately well, the dry method yielded 
higher and more consistent mold counts than either of the other meth¬ 
ods. 

Compariso7i of Different Methods of Determining Number of Mold 
Colonies on Culture Plates, In the methods described in the literature, 
the number of mold colonies that grew in tlie culture dishes apparently 
was determined by visual examination of the dishes without magnifica¬ 
tion of any kind. In the present tests the mold colonies obtained 
from more than 10 different flour samples cultured on several 
different media with the three different methods of dilution were 
counted with the naked eye and with a binocular microscope. The 
magnification was approximately XlO, Typical results of the two 
methods of examining plates are given in Table III. 


TABLE III 

Mold Count as Determined by Examining Plates with the Naked 
Eye and with the Aid of a Binocular Microscope ^ 


Flour strcuni 

Molds i)or gram >— 
examined by 

Naked eye Binocular 

Percentage 
increase ® 

First break. 


1800 

6 

First clear. 

.2140 

3720 

.74 

Fine-l-lail.. .. 



54 

Suction..'. 

. ..4240 


30 

Coarse-2-tail. 

, . ..4125 


78 


I Each figure is au average of five plates. 

‘ Approximate percentage increase of binocular count over naked eye count. 


The difference between the two methods of counting was less on 
those flour streams that contained a small number of colonies of a 
relatively few species of molds. Plates containing a total of SO to 100 
colonies of several different species of molds could be counted ac- 
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curately onl>’' with some sort of magnification. Many of the colonies 
of various molds grow slowl 3 " when submerged in the agar, and are 
uivisible to the naked e^^e even when the cultures are 6 or 7 da^'s old. 
At this age, some of the faster-growing surface colonies of Aspergillus 
glaucus and A, flavus began to obscure the small, submerged colonies, 
and the total as counted b^’ either method began to decrease. There 
was a high agreement among replicate plates of a given flour sample 
with each method of counting, but the fact that more colonies were 
found when a binocular was used, in addition to the previously indi¬ 
cated fact that the composition of the medium affects the total count, 
shows that consistency^ alone was not a good criterion of accurac 3 \ 
Extreme Variation in Mold Count When Using Different Media and 
Differmt Methods of Examining Plates. One sample of flour cultured 
in the penicillin assay medium and read with the naked eye yielded 
160 molds per gram; when cultured by the same method in malt-salt 
medium and read with the aid of a binocular a count of 1860 molds 
per gram was obtained. A second flour similarly^ assay^ed yielded 960 
molds per gram when cultured in the penicillin assay medium and read 
with the naked cy*e, and 5920 per gram in malt-salt medium, read with 
a binocular. 


Detailed Description of the Present Method 

In view of the fact that several modifications of the methods de¬ 
scribed in the literature have been devised, it seems desirable to sum¬ 
marize the method of mold assay used in our laboratory. 

Reagents; 

Sodium chloride, C. P. 

Malt extract, various commercial brands are suitable. 

Agar-agar, crude shredded is suitable, but better grades may be used if 
desired. 

Distilled water 
Quartz sand 

Apparatus; 

For each flour sample to be assaj'ed the following are required: 

Five 90-mm Petri dishes 

Two 3-oz screw capped medicine bottles. 

Two test tubes approximately 10 mm diameter and 6 cm long, cali¬ 
brated to^ deliver 5 ml. 

One 1-ml pipette. These are made from pyrex tubing approximately 
4 mm inside diameter, drawn out at one end to an opening of 1.5 mm 
and calibrated to deliver 1 ml. 

One rubber dropping bottle bulb to use with the pipette. 

Torsion balance sensitive to 0,01 g. 

Procedure: 

Fr^raUon of medium. The medium is prepared in lots of 500 ml, 
sufficient to assay five flour samples. Boil 10 g of agar and 10 g malt 
extract in 350 ml of distilled water until agar is melted. Make up to 
350 ml with distilled water. Dissolve 37 g sodium chloride in 150 ml 
distilled water. Place agar solution in a 16-oz screw-capped medicine 
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bottle, the sodium chloride solution in an 8-oz medicine bottle. Auto¬ 
clave 20 minutes at 15 lb pressure. Add the sodium chloride solution 
to the agar and cool to 45®C before pouring. In practice, enough 
bottles of agar and sodium chloride solution are made up to last several 
weeks; the agar is melted in the autoclave as needed and the cold sterile 
solution of sodium chloride added to it. 

Preparation of the flour. Weigh out 5 g of flour on a piece of sterile 
paper on the pan of a torsion balance sensitive to 0.01 g. Place in a 
3-oz screw^'fcapped medicine bottle containing 10 g sterile quartz sand. 
Using a large calibrated test tube, add 47 ml of sterile 0.5% solution of 
sodium chloride. Forty-seven milliliters are used because it has been 
found that 5 g of flour suspended in 47 ml of water make a total volume 
of 50 ml. Place screw cap on the bottle and shake bottle vigorously for- 
2 minutes. While the liquid is still agitated, and before any of the 
flour has settled, measure 5 ml into a second 3-oz bottle. This is done 
by means of a small test tube calibrated to deliver 5 ml. Add 45 ml of 
sterile 0.5% sodium chloride solution by means of a test tube calibrated 
to deliver 45 ml. Shake the bottle. While the lic|uid is still turbulent, 
remove 1 ml of the suspension by means of the pipette equipped with 
a rubber bulb, and immediately dispense into a sterile Petri dish.- 
Shake the bottle again and dispense another 1-ml aliquot into another 
Petri dish. Usually five replicate plates are made of each sample. 
Cool agar to 45®C. Pour the cooled agar into the dishes, swirl each 
dish gently to suspend the flour uniformhs and place on a level table. - 
When agar is hard, stack the plates on a shelf and allow to incubate for 
5 to 7 days at room temperature (20°“25‘*C). 

The calibrated test tubes and the improvised 1-ml pipette sacrifice a 
small amount of accuracy in measurement. This sacrifice is more than 
compensated for by increased speed of sampling, and in time saved in 
washing glassw'are^ Five flours, with five replicate plates of each, can 
be sampled in two hours, including the washing of glassware. In our 
experience these measuring devices have proved equally as accurate 
as calibrated pipettes, so far as final mold count is concerned, as well 
as economical of time and labor. 

Counting the colonies on the plates. Draw six or seven parallel lines on 
the bottom of each Petri dish with a wax pencil. Remove the cover 
and place the plate on the stage of a binocular microscope equipped 
with a mirror and an aperture in the stage through w^hich the light c&n 
be directed. A desk lamp furnishes satisfactory" illumination. With 
a magnification of xl0*to x25, colonies throughout the entire depth of 
agar can be seen. 1'he lines on the bottom of the plate serve as guides 
in moving the plate back and forth. 

Use of controls. Samples of sterile flour are assayed from time to time 
as a check on the number of mold colonies that may' enter from the air 
or other .sources. The flour is sterilized by heating it slowly to 180®C in 
a gas oven, stirring it occasionally to prevent caking, after which it is 
left at 180°C for sevcnil hours. This sterile flour is assay'cd in the same 
way" as arc other flour samples. Replicate dilutions of 1:100 of this 
sterile flour seldom average more than 0.5 colony" per plate. 


Discussion 

The present studies indicate that the number of mold colonies 
obtained from any given flour sample is influenced by the method of 
making the dilutions, the medium on which the flour is cultured, and 
the method of reading colonies in the culture dishes. While the malt- 
salt medium was superior to the other media tested, this does not 
imply that it will be superior in all cases. If flour streams whose mold 
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flora is unknown are to be extensively^ sampled, a number of dif¬ 
ferent media probably should be tested. 

The assumption is made that the approximately^ 4-oz sample taken 
from each stream is representative of that stream. Results of the dry 
assay method suggest that the molds are uniformly distributed in the 
flour. The mold count of individual plates among five replicates of a 
given flour sample by this method seldom varied more than d=5% 
from the average of the five. This relatively close agreement between 
replicate 10-mg aliquots of the same flour sample has been the rule, 
not the exception. This was true not only of the total number of mold 
colonies, but also of the relative numbers of each of the principal kinds 
of molds encountered in each sample. Evidently* the molds were 
distributed with surprising uniformity in the samples taken from 
different streams. Further information on this will be presented in a 
later paper. 

One advantage of examining the culture plates with a binoculaf 
microscope is that it permits one familiar with the molds to identify 
most of them at the time of counting. In some flour streams more 
than 10 species of molds, belonging to more than five genera, have 
been encountered, so that merely^ counting the total number of colonies 
does not furnish a complete picture of the nature of contamination. 

None of the methods of mold assay now available distinguish be- 
tv^’een mold spores and fragments of mycelium. Nor do they permit 
one to estimate the number of nonviable spores that may be present. 
These deficiencies in the method do not seem important, but neverthe¬ 
less they must be kept in mind. Information on these factors would 
be desirable in any interpretation of the role and significance of molds 
in flour. 


Summary 

Malt-salt medium was superior to the other five media tested, for 
determining the number of molds in flour. No medium was found on 
which both molds and bacteria could be assayed together. 

The use of a binocular microscope increases the number of mold 
colonies found on agar plates when compared with the number found 
without the use of magnification. This is especially true w*hen numer¬ 
ous colonies of several different species or genera of molds are present. 

A higher mold count is obtained from a given sample of flour, using 
malt-salt medium, if the flour is suspended in sterile saline solution 
and this suspended in the agar, than if it is similarly suspended and 
cultured on the surface of the agar, or if it is spread dry on the surface 
the agar. With other media, a higher count may’- be obtained by* 
using the dry method. 
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RELATIONSHIP OF ZEIN TO THE TOTAL 
PROTEIN IN CORN ^ 

D. W. Hansen, 2 B. Brimhall,® and G. F. Sprague^ 

(Received for publication December 12, 1945) 

The nutritional quality of com germ protein has been recognized 
as approximating that of animal proteins, both from feeding experi¬ 
ments and comparative amino acid analyses (Block and Bolling, 1944; 
Mitchell and Beadles, 1944). Osborne and Mendel (1914, 1914a) 
demonstrated that the alcohol-soluble protein of corn, or zein, was 
nutritionally incomplete since animals rapidly lost weight on a diet 
containing zein as the only source of protein. Normal growth was 
restored by the addition of lysine and tr 3 q)tophane to the diet. Zein 
was also demonstrated to be absent from corn germ although it con¬ 
stitutes the major protein of the endosperm. The rest of the endo- 
spemi protein, largely glutelin, was shown to contain the amino acids 
which zein lacks. 

The available information regarding the distribution of lysine and 
tryptophane in different corn proteins is summarized in Table 1. 
Within the limitations of present knowledge it would appear that the 
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TABLE I 

Lysine and Tryptophane Contents of Various Corn Proteins 


Protein 

Lysme 

Tryptoplmne 

Reference 

Germ protein 

% 

5.8 

% 

1.3 

(Block and Bolling, 1944) 

Endosperm protein 

1.1 

0.6 

(Block and Bolling, 1944) 

Zein 

0.0 

0.0 

(Osborne and Mendel, 1914) 



0.0 

(May and Rose, 1922) 
(Osborne and Mendel, 1914) 

Glutelin 

2.9.? 

Strong positive 



color test 

of-Glutelin 

6.71 

— 

(Jones and Csonka, 1928) 

Gluten 

— 

1.08 

(May and Rose, 1922) 


determination of zein content in a series of corn samples might pro¬ 
vide an index of their relative feeding quality, on the assumption that 
the higher the zein content of corn protein the lower its feeding value. 
This analysis is much more easily carried out than are amino acid 
assay’s, and, in fact, consists in estimating the amount of protein with 
zero lysine and tiy’ptophane content rather than directly determining 
these amino acids in the mixed proteins of corn. 

The zein content of corn protein varies widely, values all the wa\^ 
from 28% to 60% having been reported (Showaller and Carr, 1922). 
The variation in values is due to several factors, among which are: 

(1) Method of Analysis. The concentration of aqueous alcohol 
used by different investigators to extract the zein has varied from 70 
to 95%. Recently it has been shown (Nagy, Weidlein, and Hixon, 
1941) that addition of 0.5% sodium acetate as a buffer improves ex¬ 
traction of zein by 85% ethanol. These authors point out that the 
separation of different corn proteins by solvent extraction methods has 
proved far from satisfactory^ as a quantitative procedure, since large 
variations in the apparent percentages of the different fractions are 
caused by slight alterations in the procedure (fineness of grinding, 
length and temperature of extraction, presence of salts, etc.). Never¬ 
theless they consider the alcohol-soluble fraction to be the most well- 
defined of these and least affected by slight variations in experimental 
techniques. 

(2) Maturity of Corn. Zeleny (1935) found that zein was nearly 
absent in very immature corn but was synthesized rapidly as the corn 
approached maturity. The rapid increase in the ratio of zein to total 
nitrogen was almost exactly paralleled by the decrease in water- 
soluble nonprotein nitrogen. 

(J) Protein Content of the Corn. Showalter and Carr (1922) were 
the first to point out that the proportion of zein to total protein is 
greater when the total nitrogen content of the com is higher. An 
increase in zein was accompanied by a corresponding decrease in the 
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ghitelin (dilute alkali-soluble) fraction. Using 90% alcohol as the 
extracting agent, they reported 8.1% zein in corn containing 15.7% 
protein and 2.2% zein in corn with 8.0% protein. 

The present paper reports a more extensive study of the quanti¬ 
tative relationship between zein and total protein in whole corn and 
in corn endosperm. 


Materials and Methods 

The corn samples represented a varied assortment of inbred lines, 
single crosses, commercial hybrids; white and yellow corn; floury, 
dent, and waxy; high- and low-oil. The sweet corns included several 
waxy-sweet types; pseudo-starchy as well as extremely sweet samples; 
varieties such as Golden Bantam, Country Gentleman, and Ever¬ 
green; early and late maturing. 

For alcohol-soluble protein, either the AOAC method (Association 
of Official Agricultural Chemists, 1940) or the following modification 
was used: Two grams of ground sample was weighed into a 250-ml 
centrifuge bottle, 50 ml of 70% ethanol added, and the stopperecl 
bottle rotated continuously for 24 hours at room temperature. The 
contents were then centrifuged and 20-ml aliquots of the supernatiint 
fluid taken for nitrogen analysis using the Kjcldahl method. On 
several samples of corn meal, 70% ethanol was found to extract the 
same amount of protein as did 85% ethanol buflfered with 0.5% 
sodium acetate. 

For separation of the endosperm, corn kernels covered with water 
were placed in a 50®C oven for 2 to 3 hours, after which the pericarp 
could readily be peeled oflT and the germ removed with a scalpel. 
After drying, the endosperm was ground to 40 mesh in a small Wiley 
mill. Total protein was determined on half-gram samples. All data 
were calculated to a moisture-free basis. 

Results 

The vsenior author illustrated that a highly significant correlation 
exists between zein and total protein content. Eighteen different 
corn samples covering the range from 6.3 to 19.7% protein were used. 
When 70% alcohol-soluble protein (Y) is plotted against total protein 
(X) the points fall along the regression line shown in Figure 1, 

Data for 36 samples of endosperm from flour and dent corns are 
plotted in a similar manner in Figure 2 (solid line with circles) bearing 
out the linear relationship found for whole corn. 

The amount of alcohol-soluble protein in sweet corn endosperm 
was found to be less than that in dent corn, averaging 1% less in the 
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Fig. 1. Reiation&hip between alcohol-soluble and total protein m dent corn, 
r « 0.923Y « 0.478X - 2 0 



Fig. 2. Relationship between alcohol-soluble and total protein in com endosperm. 

Dent com- Sweet ccun- Brittle com A 

f r « 0.984** fr - 0.778** 

lY « 0.692X - 1.87 1 y - 0.657X - 2.44 
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range measured (dolled line, Fig. 2). Thus at the 13% protein level, 
dent had 7,1% zein while sweet had 6.1%. Samples of sweet corn 
with extremely high or low' protein content were not available and the 
correlation coefficient for the 30 samples analyzed, although highly 
significant, was lower than for the dent corns. This is not surprising 
in view' of the variation in composition of corn classified as swe('t. 
For example, the samples used varied from 14 to 42% in the amount 
of water-soluble constituents. 

A third type of corn, known as “brittle,” was also investigated 
(Mangelsdorf, 1926). It resembles sw-eet corn in appearance but is 
much more shriveled. The endosperm of one sample of brittle corn 
w'as found to contain 6.07% alcohol-soluble protein and 18.7% total 
protein, placing it far to the right of the lines for dent or sweet corn 
(Fig. 2). 

Discussion 

Prediction of nutritional values from analytical data is still in an 
uncertain state of development (CVampton, 1945). Nevertheless it 
seems logical that the feeding quality of corn protein would be in¬ 
versely related to its zein content because of the latter’s deficiency in 
the nutritionally essential amino acids, Ksine and tryptophane. The 
value of the data presented in this paper lies in their use for detecting 
samples which depart wddely from the average, in the direction of 
low zein content. Such samples could then be used in a breeding 
program with the hope of developing a high-protein, low-zcin type of 
corn. 

Mangelsdorf (1926) advanced the hypothesis that the maximum 
development of corn endosperm is reached in the normal starchy con¬ 
dition, and that the various endosperm tyq)cs follow the same general 
growth pattern but may reach quite different end points when growth 
ceases. Using tlu‘ weight of mature starchy kernels as a criterion he 
found that sw'cet corn reached only 88.5% and brittle corn only 62.5% 
of equivalent develo])ment; in other words, their seed weight w'hcn 
growth ceased corresponded (o that of ordinary corn at earlier im¬ 
mature stages. This amilogy may be extended to carbohydrate re¬ 
serves. In dent corn the bulk of the carbohydrates is in the form of 
starch stored in organized granules. Sweet corn exhibits a less com¬ 
plete synthesis and a considerable part of the carbohydrate fraction is 
stored as water-soluble dextrins. Brittle corn is typified by an 
even less complete synthesis, the starch content being low and most 
of the soluble carbohydrates remaining in the sugar stage. 

There arc similar indications of incomplete development in the 
protein of these types of corn. On the basis of Zelcny’s (1935) ob- 
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servation that the zein: total-protein ratio increases with advancing 
maturity, both brittle and sweet corn can be said to have zein: total- 
protein ratios corresponding to immature dent corn of equal protein 
content. In each case it appears that protein synthesis follows the 
same general sequence but that different end points are reached at 
maturity. For example, if a comparison is made of endosperm tissue 
containing 6% zein, the graphs show that this constitutes for dent 
corn 52.7%, for sweet corn 46.8%, and for brittle corn 32.5% of the 
total protein. The fact that the slopes of the regression lines in Figure 
2 do not differ significantly suggests that synthesis follows the same 
general pattern in dent and sweet corn. This analogy is suggestive 
but should not be considered as an established fact. 

Summary 

Alcohol-soluble protein (zein) was determined on samples of corn 
and of corn endosperm having wide variation in protein content. 
The data indicate that there is a linear relationship bet\veen the con¬ 
tent of alcohol-soluble protein and total protein. 

Sweet corn endosperm contained an average of 1% less zein than 
dent corn of equal protein content. Brittle” endosperm was found 
to be exceptional in its low zein: total-protein ratio. Apparently the 
protein as well as the carboh>'drate in these types of corn differs from 
ordinary dent types in the proportion of its constituents. 
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BOOK REVIEWS 

Frontiers in Chemistry. IV. Major Instrmnents and Their Ajpplications to Chemis¬ 
try. Edited by R. E. Burk and Oliver Grummitt. viii and 151 pp. Inter- 
science Publishers, Inc., New York, N.Y, 1945. Price $3.50. 

This fourth volume of the Western Rewrve University Frontiers in Chemistry 
is intended to tell the chemist what inft)rmation may be f)bUiined Irom the application 
of six different types of physical instruments to problems in various fields of chemistry. 

Chapter I, “Electron diffraction and the oxiiniination of surfaces,” by Lester 
H. Germcr, is a reprint of an article by the same author in Jerome Alexander's 
“Colloid Chemistry,” Volume V, 1944. It describes the use of elec'tron diffraction 
cameras, or of slightly modified electron microscoiKs, for the study of the structure 
of surface films. These nieasuremcnlvS give <lala analogous to X-ray diffraction 
patterns, but their limited penetrating power results in the pattern being produced 
only by the surface layer. Extremely minute sjimplos are therefore adcciuate for an 
analysis. 

Chapter II, “The electron microscope and its applications,” by L. Marton, 
summarizes the theory of the increavsed resolving power and the construction of the 
electron microscope and gives pictures of some details of the author's machine. Ap¬ 
plications to colloids, plastics, rubber, soaps, certain chemical reactions, metal sur¬ 
faces, and biological material arc described in sufficient detail to show the possibilities 
and limitations of the apparatus in various fields. 

Chapter III, “X-ray diffraction and its applications,” by Maurice L, Huggins, 
covers its field in more detail than the other chapters. ^ITic nature of X-rays, their 
production, and tlic systems used for taking the difftTcni types of photographs are 
described. The use of diffraction photographs for determination of the structure 
of known compounds and their use in klcnlifying substances is described with many 
exanmlcs and crystal structure diagrams of botli inorganic and organic substances. 

Chapter IV, “Cliemical speclroscopy,” by Wallace R, Brodo, briefly discusses 
the nature of light and the units used in measuring its wave length- The emission 
of spectral lines is illustralwl by the energy level diagram of sodium atoms. The 
use of tables and charts for line identification is explained with c.xiimples, and a short 
description of the properties of the photographic plate is followed by a discussion of 
qualitative and quantitative analysis for metallic element.s by emission spectroscopy. 

Chapter V, “Application of absorp'tion spectra to chemical problems,” also by 
Brode, starts with the systems of units both for absorption coefficients and for wave 
length or fr^uency that are used in absorption spcctrosoipy. A particularly useful 
diag^ram is include which shows the same data plotted as percent transmission, 
extinction, (log lo/I), and as lojf extinction. The connection between chemical 
structures and the absorption of light is clearly presented with absorption curves for 
various chromophorcs. Effects of conjugation and interference of various groups in 
organic molecules are illustrated by curves. The resolution of an absorption curve 
into its component bands is illustrated by KMnO^ and by several organic compounds. 
This chapter is designed primarily to indicate how the organic chemist may use 
absorption sp^tra as an aid in elucidating the structure of a substance, since the 
purely analytical uses are already widely appreciated. 
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Chapter VI, “The infrared spectrometer and its application,” by R. Bowling 
Barnes, gives a short history ot infrared spectroscopy, describes the relation ol 
infrared to other parts of the electromagnetic spectrum, and shows how infrared 
absorption spectra of organic molecules are related to the atomic groups present. 
Descriptions both of a large research model and of a smaller infrared spectrophoto¬ 
meter are given together with comments on the experimental difficulties involved in 
the design of such instruments. Typical applications to identification of organic 
molecules, determination ol structure, quantitative anal>'sis ot several components 
of mixtures, measurement of reaction rates, and process control are clearly described 
as being an extension of the more familiar spectroscopic procedures to the infrared 
region, ' 

Each chapter is contributed by a recognized authority in the special fields, but 
the book as a -whole is so short that none of the chapters can be considered adequate 
to give a working knowledge of any of the techniques discussed. However, its pur¬ 
pose, to give the average chemist some information as to how the various instruments 
can be applied to different purposes, is well achieved. 

C. S. French 

University of Minnesota 
Minneapolis, Minnesota 


Organic Preparations. By Conrad Weygand. 534 pp. Interscience Publishers, 

Inc., New York, N. Y. 1945. Price $6.00. 

This book is a translation of Part II, “Reaktionen," of Conrad Weygand’s 
OrganiscJi-chemische Experimentierkunst, published in Leipzig in 1938. Parts I and 
Ilf of the German original, which deal with laboratory equipment and the chemical 
and physical analyses of organic compounds, have been omitted in the translation. 
The general plan and material in Part II of the German book have been followed 
(^uite closelyThere is one major difference. The original contains numerous 
literal quotations of preparations published in Organic Syntheses; these have been 
replaced in the translation by references to Organic Syntheses and wherever possible 
references to single volumes of Organic Syntheses have been replaced by references 
to the Collectiye \"olumes I or II. 

The material is arranged by a new system based upon the formation of various 
linkages of the carbon atom and their fission. The method of organization may best 
be indicated by the chapter headings: 

(1) Formation of Carbon-Hydrogen Bonds 

(2) Formation of Carbon-Halogen Bonds 

(3) Formation of Carbon-Oxygen Bonds 

(4) Cleavage of Carbon-Oxygen Bonds 

(5) Formation of Organic Derivatives of Trivalent Nitrogen 

(6) Cleavage of Carbon-Nitrogen Bonds 

(7) Formation of Carbon-Pentavalent Nitrogen Linkages 

(8) Carbon-Divalent Sulfur Bonds 

(9) Carbon-Hexa-valent Sulfur Bonds 

(10) Unsaturated Carbon Bonds 

(11) Formation of Carbon-Carbon Bonds 

(12) Fission of Carbon-Carbon Bonds 

(13) Rearrangements of Carbon Compounds with the E.xception of St eric 

Rearrangemen ts. 

Numerous methods for carrying out the transformations are discussed briefiy 
and each type of reaction is characterized and its usefulness illustrated by spiecific 
laboratory procedures. This enables one to determine the applicability of a labora¬ 
tory process and to select the best method for the solution of some particular problem. 
Many references to the literature make it possible to find further information con¬ 
cerning each method. 

This translation makes available the most valuable section of Conrad Wey^nd’s 
excellent German text. It fills the need for a working laboratory manual which is 
inore advanced than the usual laboratory text books and which is up to date and 
gives more recent information concerning organic preparatory methods than is found 
in Houben-Weyrs classic handbook, Die Methoden der Organdschen Chemie. 

Sidney E. Miller 
General Mills, Inc. 

Research Department 
Minneapolis, Minnesota 
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PHOTOMICROGRAPHIC STUDIES OF WHEAT STARCH. 

I. DEVELOPMENT OF THE STARCH GRANULES ' 

R. JM. Sandstedt 

Deparlmcnt ot Agricultural Cherrustrj, Nebraska Agricultural 
Experiment Station, Lincoln, Nebraska 

(Retened for publication March 4 1946) 

The starch granule has been the subject of an immense amount of 
microscopic study beginning with the work of Leeuwcnhoeck in 1716 
who concluded that the starch grain consisted of an outer insoluble, 
indigestible coat and an inner nutritive substance which disappeared 
when the granule was heated in water. Reichert (1913J gave a 
thorough review of the starch literature including that dealing with 
the origin and growth of the starch granule. He found the literature 
quite contradictory : “Very frequently the reports of one observer are 
not confirmed or are absolutely contradicted by those of others, even 
w^hen the same method or reagent has been employed. ...” (The 
starch granule), “as Poggendorff pointed out in 1836, was up to that 
time one of the most studied and least understood of all substances.” 
Badenhuizen (1939) indicated that the situation -was not much better 
in 1938. He suggested that if we review our present knowledge of the 
structure of the starch granule we are struck by the remarkable fact 
that we have actually arrived at a plane of knowledge equal to that 
of one hundred years ago. 

According to Reichert (1913), Fritzsche (w^ho apparently was the 
first to study the mechanism of the formation of the starch granule) 
concluded that all granules were formed by' the deposition of the outer 
lay'ers upon the inner. This “apposition” theory^ of the growth of the 
starch granule was accepted by' other investigators until Walpers in 
1851 proposed the view that growth was by “intussusception”; i.c., 
growth from the outside inward or by' deposition within and between 
material already laid down. These opposing views led to considerable 
controversy which has not been entirely settled at the present time 

^ Pubhbhed with the approval ot the Director as paper No. 3Q4, Jouinal Scriets, Nebraska Agiicul- 
tiiral K’tpenment Station 
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(Wieler, 1938) although it seems that the theon’ of growth by external 
apposition is quite generally accepted. 

Investigations of the development of the wheat kernel have been 
extensive (Brenchley, 1909; Brenchley and Hall, 1909; Thatcher, 1913 
and 1915; Eckerson, 1917; Jensen, 1918; Percival, 1921; Gordon, 1922; 
]\Iiller, 1939; and man}’ others). Since there is considerable similarit\ 
in the development of the grain of the different cereals, such investiga¬ 
tions as those of Harlan (1920), Mottier (1921), Weatherwax (1930), 
Lampe (1931), and Randolph (1936) also throw considerable light on 
the development to be expected in wheat. However, none of this 
work was designed specificalK to show the details of the growth and 
development of the starch granules. 

Teller (1938) published photomicrographs of immature wheat and 
barle}’ starch which supported his hypothesis that the amylases of 
grains and tubers were active in the formation of the starch granule, 
i.e., that growth of the starch granule was the antithesis of starch 
degradation by the enzAines. Bice, hIaclMasters, and Hilbert (1945) 
pointed out some of the differences betAveen mature and immature 
wheat starch. Evans (1941) made a study of the development of 
corn starch and showed photomicrographs of granules at different 
stages of growth. 

Wheat starch is composed of granules varying in diameter from 
2 /i to SO ju- It has been hypothesized that the ratio of small to large 
granules in a wheat has an effect on the baking properties of its flour 
(Buchanan and Naudain, 1923; and Stamberg, 1939), although Grewe 
and Bailey (1927) could find no relationship between baking properties 
and size of starch granules. 

MacjMasters and Hilbert (1944) state that in the preparation 
commercial wheat starch much of the small granule starch is lost from 
the better grades of starch and is recovered in the tailings. (Con¬ 
sequently , in the manufacture of wheat starch the quantity of small 
granule starch is of industrial importance and a study of the origin and 
development of this starch may y ield information of value to the wheat 
industry. It is the purpose of the present paper to present our obser¬ 
vations concerning the development of wheat starch. 

Materials and Methods 

Selection of Kernels of Wheat of Approximate Known Age. For this 
study the procedure of making daily harvests of wheat kernels (Brench¬ 
ley, 1909) was used, starting with the ovary before fertilization and 
continuing to the maturity of the grain. In order to have material of 
approximately’ known age, heads of hard winter wheat were dated at 
the first signs of pollination (extrusion of the first anthers); one kernel 
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was harvested from each of several of these heads each day. This 
procedure does not insure the exact aj^e of the kernels since there max’ 
be considerable difTerence in the age of kernels on the same head 
(Breiichley, 1909); liowe\er, by harvesting kernels from several heads 
each day those obviously out of line in development could be dis¬ 
carded. Field-grown wheat was used during the first season of this 
study (1941), whereas both field and greenhouse samples were used 
(luring the succeeding seasons.® 

Starch Preparatio7i.s. Preliminary preparations consisted of starch 
squeezed directly from a kernel onto a microscope slide. In later 
studies the pericarp (plus the epidermis of the nucellus) and endosperm 
were separated permitting starch development to be followed in both 
the endosperm and pericarp. In those cases requiring washed starch, 
the starch was pressed from the tissues into water and washed by re¬ 
peated suspension, settling or centrifuging, and decantation. 

Cross sections of wheat kernels were cut on a freezing microtome 
using ethyl chloride as the freezing agent. Sections were cut both 
from fresh material and from material which had been fixed in formalin 
acetic alcohol.® The sections used for photomicrographic illustration 
were all fixed in formalin acetic alcohol.'* 

The photomicrographs were made under the direction of R. F. 
Morgan in the laboratories of the Department of Visual Education, 
using Bausch and Lomb GBVP photomicrographic equipment. A 
B & L mechanical-feed arc lamp and B & L polaroid disc polarizer 
and cap analyzer were used for studies involving birefringence. Such 
Polaroid equipment gives results comparable to those obtained with a 
polarizing microsc'ope (Young, 1944). 

Movement of starch granules due to convection currents and to 
drying of the slides was prevented by scaling the sample under the 
('Over glass. A narrow band of vaseline Wcis plac'ed around the edge, 
on one face, of the cover ghuss. After the sample was prepared on the 
slide, the cover glass was gently pressed into place using care to have 
the vaseline make a complete seal (McNair, 1930). Starch granules 
in samples thus sealed under the cover glass may be kept for weeks 
with little jx^rceptible movement. No undue pressure should be 
applied to the cover glass as starch granules are quite easily damaged 
by pressure (Jones, 1940). 

In the early stages of growth the starch granules were so small that 
they were subject to too much Brownian movement for observation 
or for photographing while in the original suspension. It was found 

8 Wheat used for these studies was giowu piimarily ior othei purposes by the Agronomy Uepait- 
ment of the Nebraska Expeiinient Station. 

•* We are indebted to I)r. I£. K. Walker of the Botany Department for her huggebtions and aid in 
making these bections. 

* Formalin acetic alcohol. Mixtnie ot 7 ml arelic acid, 5 ml loimuliii, and 88 ml SOVv ethanol. 
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that Brownian movement could be largeh prevented, with no percep¬ 
tible change in the character of the starch, by allowing the starch sus¬ 
pension to dry on the slide. On carefully’ adding water (or the partic¬ 
ular solution desired) the granules were left lightly" sealed to the glass; 
this permitted observation and photographing of granules less than 
1 /X in diameter. 

Staining. Most of the photomicrographs were made of unstained 
granules ai.d of unstained sections of kernel tissue. However, in some 
cases it was necessary to use iodine as a stain in order to distinguish 
minute starch granules from other organized material in the cells of 
the kernel. The iodine concentration to be used was determined for 
each particular set of conditions b} preliminary.^ tests on similar 
material. Best results were obtained by using relatively large vol¬ 
umes of the minimum concentration of iodine which would stain the 
granules of the preparation under consideration. 

Precise differential staining between different starch granules, or 
between parts of an individual granule, necessitated the use of rela¬ 
tively large volumes of exceedingly dilute iodine (0.0007 N). Inade¬ 
quate volume of solution gives apparent differentials which may be 
quite misleading; this is due to the adsorption of iodine b\’ the first 
granules contacted, thus lea\'ing a lower concentration for succeeding 
granules. Too high concentrations of iodine stain all granules and all 
parts of granules so deepl>’ that no distinctions may be made. Gener¬ 
ally it is necessary to make preliminary observations of the effect of 
iodine concentration on the particular starch}’ material under study. 
Similar to the difference observed by Jones (1940) betw^’cen damaged 
and undamaged granules, immature granules stain more readily and 
with lower concentrations of iodine than do mature granules. 

Results and Discussion 

Figure 1, showing the changes in the external appearance of the 
wheat kernel during its growth and development, is given as a refer¬ 
ence for correlating the development of the starch with that of the 
kernel. Figure 1 A represents the unfertilized ovary, with B, C, D, 
£, F, and G following at two-day intervals; II is the mature dried 
kernel harvested about four weeks after pollination. At a stage 
corresponding to F the kernel has reached its maximum length but 
has attained less than half of its final dry weight (Brenchley and Hall, 
1909; Percival, 1921; Miller, 1939). 

Early Starch Development in the Ovary and Growing Kernel. Minute 
spherical starch granules, var}dng in diameter from about 1 m to S ju, 
occur even in the unfertilized ovary (Fig. 2 A). That these are in 
reality starch granules may be shown by their characteristic appear- 
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ance under polaii/ied liijht, although birefringence of the smallest 
granules is questionable (Fig. 2 B), and b> their staining with iodine 
(Fig. 2 C). Badenhuizen (1939) and Lampe (1931) also observed 
>oung starch granules of narcissus and of corn which showed no 
birefringence Bice, MacMasters, and Hilbert (1945) account for 
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Fig 1 W lu it ktiiuK showuig thangt m M/t and Ituni dining dcvclopnicnt ( X2 5). 

A Uiilertili/cd <»\ai\ 

B-G Kernels appioxiniati l\ upitsi ntati\e <>1 dexdopinent tn bt <.\pe(tt,d at 2 da\ iiituvaN. 
H Matuif dr\ kernel 



Fig 2. Kailv staich de\elopment ot the wheat kernel f XS?8). 

A btanli ol the untertih/ed o\ary 
B Field A between crossed poUiroids. 

C Field A btamed with iodine 

D Starch from the entuc kernel hat vested the 2nd dav alter pollination, 
h. Harvested 3rd dav 
I. Harvested 4th day, 
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tlube failiius to ohsci\c. biiefrinucnce In the supposition that the 
illiinunation used \\as inadequate to show birc^fringence in small 
granule'‘s, }Ct their o^^n illustration, as published, docs not show bi¬ 
refringence in the smaller granules. This indicates less distinct 
bircfringene'c in these gianuk'S with possibh no birefringence in the 
smallest. The B & L carbon arc light used in the present research 
gave adequate lighting 

The starch granule grows with the development of the kernel, as is 
illustrated in Figure 2 D, E, and F representing the starch squeezed 
from the whole wheat kernel on the 2nd, 3rd, and 4th days after 
pollination 

Except for the increase in size, there w as no readih apparent change 
in the character of the starch during the first four da>s; how'ever, at 
about the 4th da\ after fertilization corresponding to approximately 
stage C (Fig. 1) in the grow th of the kernel, another t\ pe of starch was 



Fig ? First appealcince oi endiispeim starcli in the kernel ( XS64). 

A. Har\ested 4 da\s altei pollination ciicle encloses a group ol endosperm gianules 

B. BeUveen ciossed polaroids Circle encloses the same gioup ol initial endosperm granules in t and 

B I he held was shitted to bring two giaiiules ol iiotnul birehingence into \ic\v. 

C Stained with iodine—oiigmal htld lost in staining 


observed. The indistinct (due to sm<ill size and transparemw) 
oblong or bean-shaped granules show'ii in Figure 3 A w^tc characteris¬ 
tic of this second t\ pe of starch as it wxis first observ^ed. 

Figure 3 B, showing this starch under polarized light, indicates that 
an\ birefringence w^hich it may have had w^as so slight as to be question¬ 
able; this may be due mereh to the concentration of starch being too 
low’- ® or to there being too little crystalline starch present at this stage 
to produce perceptible birefringence. As before noted, Badenhuizen 
(1939) and Lampc (1931) also observed young starch granules which 
showed no birefringence. Even though this starch does not show 
birefringence, it stains wdth iodine (Fig. 3 C). The original field of 

• That the quantit\ of starch fthicknesb ot the lajer ot btarch) through which the polarized hght 
passes maj ha\e considerable effect on the apparent biretiingence ot starch granules may be noted if 
the bzretnngence of ocerlapping immature granulte» is observed, the overlapping region shows more 
distinct bireinngence than those regions not ov ei lapping 
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siiich shown in 1 it,uu ^ and B w is lost in the incinipulition acc¬ 
ess ui loi si inline both tipcs of staich uc evident in the held 
show n 

The seeoncl tepe of shuch clciclops lapiclh in one da^'s time the 
stiieh of the wheal kernel ehanecs liom one piedominatcK sphciieal 
in natiiic to one of a mi\tuie of \aiious shapes Figuic 4 shows 



I ij, 4 Stirth li 111 i Iciiul S diys iltei p Ilmitim (X53S) 
RiUit—bdwten Cl >ssed p< 1 iioids 



1 ig •5 Development of pencarp st^rdl granules (continued horn rigurc 2) (X'564) 

4 5th di>—evidence ot en/>me iction ^t the hilum of the lirgcr gr mules and some pitting ol the 
granule surlacc 
B 7th dnx 
( 9th dny 

D 12th da>—mirked pittiiij, oi tlu suilict ol gr mules 
} 14th dnj 

r 16th d ly—the lci\ fcr mules kit weie 1 ugclj ditesttd 
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starch as it appeared on the 5lh da\ after pollination. At this stage 
the original spherical t\pe starch tentativeh ma> be distinguished 
from the ne^^ bt its greater density, more definite birefringence, and 
different t\pe of hilum. 

Brcnchle\ (1909) stated that “in all the :^ounger stages there is an 
accumulation of starch in the pericarp.” Jensen (1918) also stated 
that starch makes its appearance in the pericarp tissue long before an\ 
vestige of it is present in the endosperm. According to the literature 
(Brenchle\, 1909; Miller, 1939; Percival, 1921; and others) starch 
storage in the endosperm starts after the tissue of the kernel has been 
completeh formed; i.e., 10 to 14 da\s after fertilization of the flower 



Fig 6 Cross section ot \Nheat kernel 3 da>s jiftei pollination (X?0) 

P, Pciicarp. 

L. Free nucleate endospeim. 

The dark border around the endospeim ib composed ot the o\ ular integuments and the nucellai wall 
(See detailb in Figure 7 ) 

Dotted lines enclose area approximately corresponding to that in Figiue 7, 

(or Stage F of Fig. 1). This w^ould indicate that both types of starch 
granule originated in the pericarp. However, when the pericarp and 
endosperm from kernels at various stages of development were sepa¬ 
rated and the starch from each was studied, it was found that the 
starch from the pericarp was all of the spherical t^pe and that the 
endosperm contained starch as early as the 4th day after pollination. 

The development of the pericarp starch from the Sth to the 14th 
day is shown in Figure 5. (This is a continuation of development 
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shown 111 tn»UK 2 ) \s staled In Buiuhkx (1909), the pciicaip 
slaich gratliialh (kciciscs iii quintit\ with lime LMclcncc of 
enz^ malic digestion of the pciicaip staich ^lanuks began to be notice¬ 
able b\ about the 4th oi 5th da^ (Figs 2 F and 5 ^4) In mam of the 
granules digestion appealed to stait at the hilum with the mncimost 
poitions of the gianuk chsintegiating befoie the outci laieis (Fig 
5 C and /) indie<iting that the hist staieh deposited (in the interioi 
of the granule) was kss lesistant to am\lafae aetion than the outei and 
^oungcr lasers It should be emphasized howevei, that the en/\Vne 



I If, 7 P Mti n ( 1 i ci )ss stUic II it \ wlu xt 1 tinel 1 d u s atttr p illin iLion ( Xie»4 
P Ptii up with st uch (< Ils (S) tioss liyu ( 1) uid mnci cpidtiinis (B) 

( IntCKiiimnts cl tlu niilt 
I) 1 pulciims >1 tlic. nutcllus 

I 1 ncl ispciin picc ii im vUiuh the licc niitUi were 1 st in cuttnif, the sccti n 
\ Rcmunsul llu thin w ilUd mucllii lx>ti 

had digested channels thiough the outei la\ers of the gianuk befoie it 
had access to the intenoi, in some eases the suifaee beeamc notieeabK 
pitted before the disintegiation of the intciioi (tig SD and K) 
'\pparentl> the differences in lesistanee to amylase aetion between the 
inner and outer laycis vaiied from granule to granule By the 16th 
da>, about two to foui da>s after the kernel had leached maximum 
length, the peiicarp staich had piactically disappeaicd (Fig 5 F) 
Early Development of the Endosperm To determine the time and 
place of oiigm of the two t\pes of stareh whieh weie obtained from the 
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whole kernel on the 5th da\ of itb development (Fig. 4), kernels of 
wheat representing the tarh growing period were sectioned. Figure 
6, a cross section of a wheat kernel three days after pollination, show^s 
the relation of the pericarp to endosperm at a stage of kernel develop¬ 
ment when onh pericarj) starch was present. The greater portion of 
the kernel consisted of pericarp which was largel> composed of starch 
cells. The endosperm was small and contained no starch. Weather- 
wav (1930) describes the endosperm at this stage as a “multiniicleate 



Fig 8 Cross section ot a wheat kernel 4 daj s alter 1 lowering (X?0) 

P. Pericarp 
E. Endosperm. 

A, Area corresponding approximate^ to that shown m Figuie 9. 

cell” which has developed from the definitive nucleus by repeated 
division; i.e., the endosperm consisted of a small mass of protoplasm 
containing many nuclei with no cell walls separating the nuclei. 

The division of the endosperm into cells, i.e., the formation of cell 
walls between the nuclei of the endosperm, begins at the periphery of 
the “multinucleate cell” (Brenchley, 1909, and Percival, 1921). 
Figure 7 shows a portion of a section, thinner than that shown in Figure 
6 and with higher magnification. The free nucleate endosperm was 
lost in cutting the thin section. 
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F'igurc 8 bho^\s the rclativi^ devolopmcnl of tlic pericarp and endo¬ 
sperm in a crobb sc'ction of a wheat kernel har\esU^d four da\s after 
pollination (c'orresponding to stage C of Figure 1). A section of the 
endosperm befoie and after bt<iining with iodine (corresponding to the 
area designatc'd h\ A in Figure 8) is shown in Figure 9. I'he divibion 
of the endosperm into cc^llb was (»\c'eeclingh rapid, in this case seem- 
ingh it WMS complete in about one da\ \s time (Brenchle\, 1909, 
estimated the time as approximate^ two da>bj. 

Endows perm Starch. bZven at this earl^ stage, apparently as soon as 
the division of the endosperm into cells was comi:)lete, the deposition 
of starch had begun in the inner endosperm cells. The starch granules 



1 ifi 9. Si*(Lion tiiciosiKiin t fla\^ altci lUmeiiiia: 

RirIU— sain<‘ sic turn slaiiipcl iodine 

t. lavti — poiiplural la\<‘i oi endosiKnm IN 

li I pidotims ot tlu* lUKotlus 

C . lMidosi)(.un uitli Uu iniiei cells slitmiiiK iiiiti il staicli granuks 

as the> were just beginning to form were difficult to distinguish from 
other structures of the cell until stained with iodine. F'igurc 10 shows 
a starch cell, stained with iodine, which was isolated from the endo¬ 
sperm at this stage of development. The stained starch granules of 
this cell are similar to those shown in Figure 3. Apparently endo¬ 
sperm starch starts to develop much earlier than has been supposed 
(Brenchlcy, 1909; Miller, 1939; Percival, 1921). 

The periphcTal la>er of cells of the endosperm, which was the first 
to devedop cell walls (Brenchlcy, 1909; Perc'ival, 1921; and Gordon, 
1922), dici not cemtain starch (Fig. 9). 
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lis 10 End-) perm t'lrch ct 1 \\ith initial granules stained \\ith iodine ( X600 



Fig 11 Development of endospeim starch granules (>1 xnOO B-I X^64) 

1 granules—^Sth daj alter pollination Stained with lodmt ( X1200j 

B 7th daj 
C 9th day 

D Same held as C between ciobstd poHr^ids 
F 9th daj- stamed with lodme 
r 11th day 

G 13th da>—^first appearance of spherical grmules 
H ISth da> 

I Granules trom mature dry wheat 
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The first endosperm starch that could be isolated was quite trans- 
paient and did not photograph satislac'toril^, Stained with iodine it 
appeared as shown in Figure 11-4 (compare wfilh 10). The de¬ 
velopment with time is shown in the suc'ceeding photomicrographs of 
Figure 11. It is interesting to spc^tulale on the method of growth of 



Fig 12 Vtincnis stages m the de\el<»i)ment ol endosperm starch granules—as found m a 
kernel h.ii\ested 12 da>s«iftei pollmation (X600) 

Numbtis (1 2 3,etc ) mclKate possible ordet in stage ot de\elopment 



iMg H iMidospuni cell containing staich gianulcii which probably aic oiih 
1 or 2 days old. Stained with iodine (X600). 

the granules. Perhaps, judging from the shapes of the granules ob¬ 
served during the early stages of grow^th, the individual granule de¬ 
velops through a series of forms as indicated b^^ the numbers i, 2, J, 
etc., in Figure 12, Beginning with a sphere which serves as a *‘nu- 
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ckus" oi hiluin on whuh inoie starch deposits, the foim of the dc- 
\eloping granule would he dependent on whethoi the deposition stalls 
at one point with grow tli around the liiluni fiom that point or whether 
the deposition starts at two or moic points. Figuie 13 shows the 
\aiious shai)es of the de\ eloping starch granule as tluw ma^ be oh- 
sei\ed in the starch cell In so tar as one can judge, this cell w as prol> 
abh onh a da\ older than that shown in Figure 10. 

In general the growth of the granule is much more lapid in one 
plane, thus forming (when the ''nucleus” is completely enveloped) a 
disc with a prominent bulge m its middle \s the granule grows and 
approaches maturiU, it beconies thicker and mote dense wdth the 
‘‘nucleus” becoming less prominent. 

That the middle portion of the granule is not a "spheiical spate” 
or ca^it^ , as is suggested by the "growth In intussusception” theor\, 
ma\ be seen under the microscope bv allowing evaporation to take 



Fig 14 I dgeuise views ot immaturt uidosporm staicli granules 
showing the bulging nucleus m piotile 

place at one edge of the cover glass, as the immature granules float 
across the field under the microsc'ope some of them roll over and as the\ 
turn e'dgeways the prominent bulge in the middle m<i\ be clearly seen 
Figure 14 shows some immature granules as they appe<u‘ when viewed 
from the edge. 

The bulge in the middle of the granule gives a more distinct bi¬ 
refringence and stains more de*eply w ith iodine than does the surround¬ 
ing starch (Fig. 11 D and E) Denmston (1907) suggests that the 
difference in staining between the inner and outer portions of the 
starch granule indicate that the outer portion is a transition layer. 
According to the above observations this seems to be a logical ex¬ 
planation. However, the fact that many w’axy^ starch granules (as 
found in the waxy- sorghums, corn, and barley) have a center w^hich 
stains blue wdth iodine (IVIeyx^r, 1886, and Lampe, 1931) indicates the 


6 Perhaps this beginning splieie should be called the hilum ot the developing gi mule smic the 
hilum “is said to be the oiganic centei or nucleus around which the giaiiule lias giown (1 nib< II, 1914) 
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posbil)ilit\ of tluTc boinu (oiisi<k‘ral)k‘ clifbTCMK c in the L\pe of starch 
laid dow n in a granuk* at difiercnit tinios and under difleront conditions. 

The immaliir<‘ graniilc*s an* tniiispannU and llexible, stain readik 
A\ith dilute iodine, and have indistinct birefringence, which suggest 
a highh h>drated sLirtli; i.t‘., a sc'iniliquid st<irch wdth i)erhai)s rela- 
tivek few bonds betwc‘en molecules. With growth the starch gran¬ 
ules lH‘Come less llexible, more densc^ and thu'ker, and their birefrin¬ 
gence becomes more distinct. iVrhaps tlu*se changes in the granule 
ma\ be explained b\ a decrease in h\ drat ion wdth a greater number of 
bonds formed betw^een molecules (the bonds formerh holding w'ater of 
hydration being available to form bonds between molecules). Deposi¬ 
tion of more starch, either by apposition or by intussusception, in such 
a case w'ould account for the thickening of the granule and also mav he 
a factor in producing more definite birefringence. 



is LndosDcim stdicli fiidimles with beau shaped hila 
1 lininatiiit' Kianiilc ( 

n D. K(*ldtim/ed in.Ltiue m.inules (XI40). 

Som(‘ of the immature forms of the developing granule may be 
observed st‘rving as “nuek'i’* of older gramilevS. In Figun^ IS, A 
show's an imnialure granule w'ilh a bean-shaped “nueleus.” The 
''nucleus” of the m<iture wheat granule is not ordinarily visible under 
the microscope; how’ever, by can^fiil partial gclatinization it ma\' be 
differentiated from the surrounding structure. Figure 15 C, D 
show's mature granules giTilinized in w%'itcr at 55° w’ith the hean- 
shaped “nuclei” plainh visible. 

The Spherical Type of Endosperm Granule. Most mature starches 
prepared from pure material are composed of granules varying wddeh' 
in size. Usually, how'cver, all of the granules from a particular ma¬ 
terial arc of one definite type. Wheat, barley, and rye starches are 
peculiar in that they contain iwo distinct t^pes of granules: Small 
spherical granules and larger lenticular granules. By manipulating 
the cover glass, or by allow'ing evaporation from the edge of the cover 
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i'lci-.s, as to <tius< a lolliiic' iu<i\(ni<‘nl of tlu t;niiiulos ot iiuitUK 
wheal starch, the spherical nature of the small granules as contrabted 
w ith the w ell-known lenticular character oi the large granules is readily 
observed. 

At about the time that the kernel attained its maximum length 
(corresponding to stage G of Figure 1 which represents the development 
at about 12 to 14 da\s after pollination) a few small granules began to 
appear among the lenticular endosperm granules (Fig. 11 G). Tp to 
this time the granule population of a cell w^as relativeh uniform in size. 

the time the kernel had reached maturity, these small granules 



ric[ 16 b ndospci m celK mg dev elopnient ol spliencdl gianules (XO 

.1 Showing tlie beginning deposition ol spheiital gtanules—-aiiowN 
B Mature cell with available space packed with spheiital giaiiiiles 

W'cre present in large numbers and could be seen to be spherical. I'hey 
attained a maximum diameter of about 10 m as compared to about 
35 fi for the lenticular granules (Fig. 11 ij. 

Figure 16 illustrates the development of the spherical t^pe of 
granule in the endosperm starch cells. The cells in A show the 
beginning deposition of spherical granules; the lenticular granules had 
attained complete circular form. Cell B was from a mature kernel of 
wheat showing the small spherical granules completely filling all avail¬ 
able space. As may be seen by comparing the size of the starch gran¬ 
ules of the cells shown in A with those in B, the lenticular starch con- 
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tinned to i>ro\v during the period of deposition and t^rowth of the 
spherical granules. 

Mature lenticular wheat starch granules quite generally show sur¬ 
face markings similar to those on the granules of Figure 11 J. On 
careful examination under the microscope these appear to bo indenta¬ 
tions in the surface A comparison of these markings with the appear¬ 
ance of the small granules overly ing the large granules in the mature 
starch cell (Fig. 16 B) suggests that the packing of the small granules 
into all available space in the cell ma> produce indentations on the 
large granules which become permanent during the late growth and 
drying of the kernel. 



rift 17 S<H.tioa ol tlu endospeim 6 dA\s attei ttoweimg ( X300) 

I Cell coutdimuK bt.ui sliaiKd grciuules. 

B Mfurone la\ oi 

( Ncwlv lornud ‘^tauU cells bdaie stauli deposition had started, 
Kiglit—siniil.u section stained with lodme 


The Function of the AleuroneJ During the earh development of 
the wheat kernel, the lenticular t>pe of starch as pressed from an en¬ 
tire endosperm consisted of a mixture of granules in various stages of 
development. However, on examining cross sections cut from the 
middle and both ends of a kernel, it was evident that the granules of 
any particular cell wore all quite uniformly developed (until the ap¬ 
pearance of the spherical granules), whereas there w’as a gradation in 
development of the starch cells from the periphery inward, 

^ In the normal course of kernel development the outer «i peripheral la> er ot cells of the endosperm 
becomes the aleurone ot the matine kernel. During the eaib stages ol de\elopment this peripheral 
layer does not lia\e the cliaractenstics generalh associated with mature aleurone In this pai)cr the 
term aleuione is used to desigmite the peripheral la\ei ot endosperm ct'Ils at all stages ol development 
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Fissure* 17 shows a portion of the cross section of the enclosperni of a 
kernel of wheat har\ested si\ cla\s after pollination The starch 
jjranulos in the interior of the enclosperni hael elcvelope^d to about the 
stage of the larger granules shown in Figure It C; the c'ell A contained 
granules at the ‘‘bean-shapecF’ stage, w^hereas the cells nearer the 
periphery contained granules in still earlier stages of development 
(D), Staining a similar section with iodine (Fig. 17—right) shows that 
the alcurone (B) and the next la\er within (C) contained no starch 
granules (a few granules may be carried into this area by the microtome 
in sectioning). The apparent gradation of starch cell development 
from the periphery to the middle of the endosperm indicates a grada¬ 
tion in age of cells. It is significant that in the cross sections of the 



Fig 18 Section oJ endosperm stained \iith iodine showing 
radial cell division m an aleiiione cell ( 

Vriow points to cell m the telophase ol division I he two diughtcr nuclei aic cleuh vibible 


immature kernel (Figs. 9, 17, 19, and 20) the individual cells in the 
first row of cells inward from the aleurone lino up with the aleuronc 
cells—a \oung starch cell corresponding to one or tw^o aleurone cells. 

Gordon (1922) proposed the theor^^ that the aleurone layer during 
the early growth of the kernel is a meristematic cambium tissue which 
produces new^ endosperm cells. RIottier (1921) expressed a somewhat 
similar view’' concerning the peripheral region of some other cereals, 
although he thought that the most active meristematic cells lay just 
inside the aleurone. The photomicrographs of cross sections of the 
immature wheat kernel showm in the present paper lend support to 
the theory that the aleurone during the growth of the grain is a meri¬ 
stematic tissue and that its function is the production of endosperm 
cells 
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\pparc‘nll\ the alciirone cells divide both lan£>enlially, producing 
daughter starch cells, and radialK, producing new aleuronc cells. 
"\\\o aleuronc cells corresponding to one starch cell would indicate that 
a radial division took place aftcT the last tangential division (Fig. 
19 B), C'xordon (1922) showed tangential division in her illustra¬ 
tions. Figure 18 shows radial mitotic division taking place in an 
aleuronc coll. 'Fhis section was stained with iodine and accordingly 
also shows the range in starch granule development from the aleuronc 
inward. 

Jn the earl> development of the grain, the only visible evidence of 
differentiation of the peripheral layer of the endosperm to form the 



Imk 10 SiH tion ol cttdospMtu 12 da>s aftei ttowennR ( X^^O) 

(Some tells displaced due to thin sectioning ) 

A Young stall h cell aiising tioni a tangential division 

B Pairs ol daiightoi tolls produied bv radial divisions m tlir alouiono la\oi Ii^th pan coiicsponds 
to a siiigli slaitli (oil 

a. C* and D illustiatc tho piogiissivt stops m the* differentiation ol a st.iitli ull 

aleurone was the absence of starch (Figs. 9 and 17). As the grain 
developed, the difTcrentiation of this layer became more evident; it 
became more dense in appearance duo to the deposition of ** aleuronc 
granules'' (Gordon, 1922). Figure 19 shows a section of a kernel 
harvested 12 days after pollination. This would correspond to a stage 
similar to that shown in Figure 1 E. By this time the aleurone layer 
was definitely, visibly differentiated. IMost of the first layer of cells 
just inside the aleuronc showed starch granules in the early stages of 
development, though varying somewhat in age from cell C to D; this 
second layer was more developed (or older) than the corresponding 
layer in the earlier stages of growth (Figs. 9 and 17), indicating that the 
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I Jg ?() Sei-tni 1 end pcini U dns iltci ll)\vciint (X^iO) 

1 Rc mains )1 the nucelUis 
B Vleurme 

C Cell shovung beginning depo iti jn ot sphcucil st irch gi mult 



tig 21 Section ot endosperm 16 days -itter flowering (X287) 

4 Isevily formed starch cell not yet; visibly differentiated from the mother altui me tell 
B "New-h formed starch cell "with btarch gmnuleb beginning to lorm 
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icitt of division of llu <iI(uioiu' (tils \\<is dec rcasiiij^ with age. Evi¬ 
dence of recent division, how'e\er, was still found a few cells had 
divided so re('entl> (Fig. 19 A) that the inner cell still contained no 
starch but w as similar in appearance to its mother c'cll. 

Figure 20 shows a section of kernel harvested about 14 da\s after 
pollination. Apparenth b\ this time aleurone cell division had slowed 
down considerabh CVll C contains a few newK formed granulc^s <^f 
(he spherical t\pe of starch. 

As ma\ be seen in Figure 21, a section cut from a kernel harvested 
16 cla>s after pollination, there is still evidence of recent aleurone 



22 ScUion «^t m.itiiro wheat kernel showing smalkr gidnuUs in tin la\ei ot staiili 
(ells just within the alcuionc ( XiS7) 

1 Vleuionc 
i? Bran 

C Start h\ enduspei in 

cell division at this late stage in the kernel devolopmcnl. Cell A wms 
loo young to show differentiation from its mother cell, whereas cell B 
had begun to develop starch granules. 

Even sections cut from mature kernels of wdieat show starch cells 
containing small starch granules just within the aleurone layer (Fig. 
22). Apparently the aleurone continues to form new starch cells until 
so late in the growth of the kernel that the last-formed cells and the 
granules wdthin the cells do not complete their development before the 
kernel matures; this seems to apply particularly to those cells at each 
side of the **furrow” or “crease” of the kernel. 
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Summary 

The development of ^\heat btarch granules in the maturing kernel 
Avas followed by means of photomicrographs. 

Minute starch granules are present in the unfertilized wheat ovar>. 
Pericarp starch develops rapidh showing niaxinuim diameter of 
granules by the 4th or 5th da}. How ever, an cm/} me is present in the 
pericarp which is capable of digesting starch granules; accordingly, the 
larger starch grannies show indications of being attacked b\' the time 
they have reached maximum diameter. Pericarp starch practically 
disappears from the wheat kernel (due to enzymatic digestion) within 
a couple of days after the kernel attains its maximum length. 

Minute endosperm starch granules may be found in the interior 
of the endosperm at about the time that cell walls form in this tissue, 
or approxiniateh' the 4th or 5th day after the flower has been fertilized. 
These granules develop into the large lenticular granules which arc 
characteristic of wheat starch. R\ e and barley starches also contain 
this t} pe of granule. 

Small spherical granules begin to develop in the cells containing 
lenticular granules at about the time the kernel attains full length. 
These granules completely fill the space between the lenticular gran¬ 
ules. 

Evidence is given supporting Gordon's (1922) contention that the 
peripheral layer of endosperm cells (the aleuronc layer of the mature 
grain) is a meristematic tissue which produces new endosperm starch 
cells. 
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THE PROTEOLYTIC ENZYME ACTIVITY OF MILLED 
FRACTIONS OF WHEAT AND THE EFFECT OF 
BROMATE IN FLOUR 

Marjorie Howe and David Click ^ 

Russell-Miller Millini; Companj', Research Laboratory, Minneapolis, Minnesota 

(Received for publication April 5, 1946) 

In a previous communication (1945) the authors considered certain 
properties of the proteolytic enzymes of milled fractions of wheat, and 
Howe (1946) showed that when the enzyme activity in germ extract 
was reduced drastically by hexylresorcinol or sodium fluoride, almost 
no effect on dough quality could be observed by farinograph studies. 
This finding was taken as evidence against the proteolytic theory of 
the effect of redox agents on dough qualit;^. 

The present investigation deals with the quantitative distribution 
of proteolytic activity among the milled fractions, and the effect on 
the activity of commercial levels of bromate in a straight grade flour. 
It was the purpose of the latter study to elucidate further the mecha¬ 
nism of bromate action with respect to the proteolytic theory. 

Materials and Methods 

All milling separations were obtained from the same mix made up 
entirely of 1945 crop spring wheat. The samples were stored in a 
refrigerator. 

The measurements of proteolytic activity were carried out as 
follows: The whole wheat, bran, germ, and shorts were ground in a 
Wiley mill and the material passing a No. 20 sieve was used. A 2-g 
sample was weighed into a 200-ml Erlenmeyer flask and 10 ml of dis¬ 
tilled water was added. The mixture was agitated until a uniform 
suspension was obtained and it was allowed to stand at room tempera¬ 
ture for one hour. Ten ml of ilf/7 sodium acetate was added, followed 
by 5 ml of 0.75% cysteine hydrochloride and 5 ml of 6% casein, pre¬ 
pared as described previously by the authors (1945). With stirring, 
1 N acetic acid was added to bring the pH to S.O; this usually required 
1 ml. Distilled water was finally added to bring the total volume to 
35 ml, and four drops of chloroform were added to inhibit the growth 
of microorganisms. A separate flask with 35 ml of reaction mixture 
was used for each point on the activity-time curves shown in Figures 
1 and 2. With any given reaction mixture one flask was emptied into 
a centrifuge tube as soon as it was made up, centrifuged for two 

I PKs^t address: Division of Physiological Chemistry. Millard Hall. University of Minnesota# 
Minneapolis 14, Minnesota. 
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minutes, at 2000 r.p.m. and 10 ml of the supernatant was titrated for 
amino groups by the acetone method previously employed (Howe 
and Click, 1945). Other flasks were placed in a thermostat at 37®C 
for various periods up to six hours, after which the liquid was centri¬ 
fuged and 10 ml of the supernatant was titrated as above. Control 
experiments were carried out by heating the mixture to boiling under 
a reflux condenser. The samples were placed in a thermostat for 
periods up to six hours, and the liquid centrifuged and titrated as 



previously described. Nitrogen was determined on all of the fractions, 
and the results calculated to a 14.0% moisture basis. 

The bromate experiments were set up in the same manner with and 
without the casein, but with no cysteine. In all cases the volume was 
made up to 35 ml with water. These experiments were all performed 
on a straight grade flour, and amounts of a 4 mg % solution of potas¬ 
sium bromate were added in place of some of the water to give flour- 
bromate ratios in a range (0.001-0.010% bromate in the flour) covering 
that used in commercial practice. 
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Fig. 2. Rate of proteolysit* by milled fractions of wheat per gram of nitiogen. 


Results and Discussion 

From Figures 1 and 2 it is apparent that the order of the proteolytic 
activities of the milled fractions, based on either the amount of nitrogen 
in, or total weight of, sample is: patent < clear < low grade < germ 
< whole wheat < shorts < bran. The magnitude of the differences 
between the fractions is also approximately the same in both cases. 
The greatest deviation is found in the germ whose activity is closer to 
that of whole wheat when referred to unit weight of total sample; 
while it is closer to that of low grade when referred to unit weight of 
nitrogen in the sample. Balls and Hale (1936) reported that proteoly¬ 
sis followed the order; whole wheat < bran < germ. They did not 
indicate whether the fractions were obtained from the same wheat 
mix; and unless they were, the results could not be properly compared. 

The effect of commercial levels of bromate on the protease activity 
of straight flour is shown in Table I. Practically no effect was exerted 
by the bromate on the six-hour titration, and the presence of casein 
did not measurably increase the value. After 24 hours the effect of 
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the added casein was clearly apparent, but the bromate exhibited no 
demonstrable inhibition of the activity at the concentrations employed; 
in fact, a tendency toward activation may be noted at the lower 
bromate concentrations. Of course, an oxidizing agent such as 
bromate is known to inhibit the protease action at higher concentra¬ 
tions, but apparently the levels used in commercial practice are well 
below the range at which inhibition occurs. This finding is in agree¬ 
ment with the conclusions of Read and Haas (1937), and it serves to 
weaken even more the highly tenuous foundation of the proteolytic 
theory of the action of bromate on dough properties. As pointed out 
by many investigators in the past, the proteolysis of wheat and its 
products is extremely weak. Our experiments again demonstrate 
that only a negligible percentage of protein can be hydrolyzed in 
periods far in excess of those required to show an effect on dough prop¬ 
erty, even under conditions for the maximum enzyme action. 


TABLE I 

EFMtCi oi^ I’oi\ssiuM Bromate on 'iue Proieoiaiic 
A cnviTY OF Straight Grade Flour 




Proteolytic activity * 


Reaction 

time 

Percent potassium bromate in flour 



0.000 

0.001 

0.005 

0.010 


hours 

ml 

ml 

ml 

ml 

No casein 

6 

0.10 

0.15 

0.12 

0.12 

With casein 

6 

0.10 

0.14 

0.15 

0.10 

No casein 

24 

0.15 

0.25 

0.20 

0.15 

With casein 

24 

0.34 

0.38 

0.39 

0.28 


1 Expressed as maease in O.l N IICl required to titrate the amino groups. 


It is interesting to consider in this connection the defense offered 
by Jjzfrgenscn (1945), pages 325-336, for the proteolytic theory in the 
light of the facts revealed by Read and Haas (1937). Jprgensen 
readily admits the soundness of the experimental evidence presented 
by Read and Haas to the effect that no depression in nitrogen solubility 
is apparent in extraction experiments when bromate is added to flour 
at commercial levels, and only at higher levels can the depression be 
demonstrated. However, it is Jorgensen’s claim that this finding is 
not in opposition to the proteolytic theory because, according to him, 
more bromate would be required since the ratio of water to flour was 
greater in the experiments of Read and Haas than is found in dough, 
and the presence of yeast in dough adds protease activators which were 
not present in the reaction mixtures of Read and Haas. It is sur- 
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prising that Jorgensen should choose to circumvent the serious obstacle 
placed in the wa}’ of the proteolytic theory by advancing arguments 
which support so clearly the point of view he wishes to refute. For, 
certainly, dispersing flour in water cannot hinder the interaction of 
bromate with the reducing substances in the flour; rather it would aid 
in the process. The critical ratio is that of bromate to the flour which 
contains the reacting components. And as for the point that reducing 
materials from yeast were not present in the experiments of Read and 
Haas, one can be sure that the addition of such reducing substances 
would only lead to a greater bromate requirement in dough and not a 
lesser one, as claimed by Jorgensen. 

Summary 

The relative proteolytic enzyme activities of milled fractions of 
wheat were determined quantitatively and found to fall in the order: 
patent < clear < low grade < germ < wholewheat < shorts < bran. 

The proteolytic activity of a straight flour was not inhibited by the 
presence of potassium bromate in concentrations covering the range 
of those employed commercially. This is taken as additional evidence 
against the proteolytic theory of bromate action in dough. It was 
found that flour protease, fully activated by additional cysteine, can 
hydrolyze only a negligible percentage of the protein in six hours. 
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In the usual bakery practice, sponges are fermented in open troughs, 
preferably in a fermentation room controlled for temperature and 
humidity. If fermentation is conducted in cabinets, the air space over 
the sponge is minimized and the process is called cabinet fermentation. 
Cabinets may be built of a variety of materials from plywood to steel 
and should be 10 to 12 inches above the maximum height of the sponge. 
Cabinets are usually provided w ith doors to allow the entrance of the 
troughs. 

Several bakeries have installed cabinets and have found superior 
results. Other shops have tried cabinet fermentation and have seen 
no advantage in the method. Hence, the subject has elicited much 
interest and heated discussion among bakers. 

Johnson (1945) described experiments on small doughs made in 
the laboratory using different gas mixtures above the fermenting 
sponge. He found that the rate of expansion and height of the sponge 
were not affected by changing the concentration of carbon dioxide, 
oxygen, or nitrogen. However, an atmosphere varying between 15.5 
to 25.0% carbon dioxide, 14.0 to 15.5% oxygen, and 61.0 to 69.0% 
nitrogen for a three-hour sponge produced better bread than the con¬ 
trol sponge fermented in air of normal composition. Poor handling 
doughs resulted from the sponges fermented in high concentrations of 
oxygen and nitrogen. 

Schoonover, Freilich, and Redfern (1946) studied cabinet fermen¬ 
tation on commercial size doughs and made careful measurements of 
temperature throughout the sponge. The humidity used in the dough 
room was 96%, which is unusually high. They reported that cabinet 
fermentation is of no value under controlled conditions in which the 
room temperature is equal to or slightly higher than the temperature 
at \vhich the sponge comes from the mixer. However, when the 
dough room temperature is much cooler than the starting temperature 
of the sponge, cabinet fermentation showed definite advantages over 
open trough fermentation. They concluded that the cabinet method 
has no advantages in shops having accurate temperature and humidity 
control. 

The authors have been interested in the subject of cabinet fermen¬ 
tation since its inception. Numerous comparisons of cabinet and 
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open bponges ha\e been made, but Lhc following experiments should 
serve to illustrate our results. 

Materials and Methods 

A spring wheat patent Hour of 0.39% ash, 12.50% protein, and 500 
mm gassing power (sixth hour) was employed in this work. The same 
brand of yeast at the same level was used throughout these tests. 

A commercial-type sponge and dough procedure was follow’-ed 
using the formula: 

sponge Dough Total-Flour 

OSS Ibi OSS % 


Flour 

39 

26 

100.0 

Water 

23 

21 

67.7 

Yeast 

1 5 

— 

2.0 

Yeast food 

2 

— 

02 

Shortening: 

1 15 

- 

30 

Salt 

Sugar 

Nonfat milk solids 


1 5 

3 4 

2 7 

2.0 

5 0 

3 75 


All standard bakery" equipment was used; a water-jacketed, high¬ 
speed mixer (65 rpm), troughs 45 inches long, 26 inches wide, and 21 
inches deep, divider, rounder, overhead proofer, and molder. The 
cabinet w^as built of plywood and fitted securely over the trough. 
There was a small glass window on top of the cabinet so that the 
sponges could be readily observed. Sponges at maximum height were 
10 to 12 inches below the roof of the cabinet. Sponges were mixed for 
5 minutes and taken from the mixer at 78®F (25,6®C). The room 
temperature w^as kept uniformly at 80®F (26.7®C), and the humidity 
maintained quite constant. 

Samples for gas analysis were taken approximately one inch above 
the sponge. A piece of 2 mm glass tubing, fitted at one end with a 
2-inch length of rubber tubing, was inserted through a hole drilled in 
the top of the cabinet. Suitable connections to the gas sampling lube 
were made outside the cabinet. Gas components were measured in a 
Fisher Unitized Gas Analyzer. 

It has been common experience that the best bread is produced by 
taking the sponge 30 to 45 minutes after the breaking time and this 
procedure w’as generally followed. The temperature of the sponges 
at maturity varied between 84° and 87°F (28.9° and 30.6°C). Doughs 
were mixed for 2 minutes after the cleanup and taken from the mixer 
at 80°F (26.7°C). Dough time was 10 to 15 minutes. Exceptions to 
the general procedure will be noted. For proofing, the temperature 
was 94°F (34.4°C), the relative humidity 90%, and the time 1 hour, 10 
minutes. Practically no difference was observed in the rate of proof 
between cabinet and open doughs. One-pound loaves were baked at 
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430®F (22l.l°C) for 35 minutes in a large rotary oven. Volume was 
measured and reported as the average of eight loaves. Loaves were 
carefully scored in accordance with the method of the American Insti¬ 
tute of Baking (1939). For brevity, only the total score together with 
pertinent remarks on the machining characteristics and the bread 
have been recorded. 

Comparison of Cabinet and Open Sponges 

It was first necessary to ascertain if the cabinet procedure possessed 
any advantages as compared to the conventional open sponge method 
and, if so, to determine the reasons for this superiority. 

Table I gives pertinent data on the comparisons of the cabinet and 
open sponges under varying atmospheric conditions. Even when both 
temperature and humidity of the dough room are regulated, the 
cabinet doughs always maintain their superiority. All through these 
experiments the cabinet doughs took an average of 2% more absorp¬ 
tion. The sponges had finer and more uniform pores. At remixing 
they were drier and broke up more easily, allowing a few minutes 
shorter mixing time. The outstanding difference between cabinet 
and open sponges is in the machining. Cabinet doughs are drier, more 
pliable and extensible, and machine more smoothly with less dusting 
flour. The bread from the cabinet doughs always scored slightly 
higher than the bread from the open doughs, mainly due to more 
uniform, finer grain and thinner cell walls. Also, there is a slightly 
more tender crumb and better crumb color. No significant difference 
was noted in loaf volume, symmetry, or break and shred between the 
two procedures. 

Release and Retention of Carbon Dioxide above the Sponge 

When temperature and humidity are controlled, in addition to the 
other variables such as formula, fermentation, and mixing time, there 
is only one possible difference in the conditions of fermentation between 
cabinet and open sponges. This difference is merely the atmosphere 
above the sponge for the 30- to 45-minute period between the breaking 
time and the time of remixing. As can be seen from the gas analyses 
given in Table I, little or no carbon dioxide is released until the sponge 
breaks. In a cabinet the carbon dioxide level reaches approximately 
20% within S minutes after the break and is maintained or increased 
from that level during the remaining 25 to 40 minutes, resulting usually 
in a concentration of 20 to 35% carbon dioxide above the sponge. 
When a cabinet is not used, the air circulation, the size of the fermen¬ 
tation room, and the number of sponges being fermented all affect the 
amount of carbon dioxide present above the sponge. In current 
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practice this amount of carbon dioxide is much less than that held 
above the cabinet sponges; perhaps 5 to 10% carbon dioxide would be 
a fair estimate. If the fermentation room has a low ceiling, if there is 
only slight air circulation, or if there is little space relative to the 
weight of dough being fermented, there will be relatively more carbon 
dioxide in the atmosphere than would otherwise be the case. As an 
illustration, on a laboratory scale, doughs made from 10 pounds of 
flour (6 pounds of flour in the sponge) were fermented by the cabinet 
and open procedures (with 2% yeast and the same formula as given 
for the large doughs) in a Bailey-Walker cabinet, maintained at 80®F 
(26.7®C) and 75% relative humidity. In the Bailey-Walker cabinets 
there is quite an extensive air circulation. The louvers were open 
just sufficiently to allow the temperature and humidity to be held 
constant. Gas analyses gave the results shown in Table II. 

TABLE II 

Comparative Composition of Atmosphere over Laboratory Scale Cabinet 
AND Open Sponges Fermented in a Bailey-Walker Cabinet 
(Maintained at 80°F (26.7®C) and 75% Relative Humidity) 



Cabinet 

Open 

Cabinet 

Open 

Breaking time 
of sponge 

2 hr. 30 min. 

3 hr 40 min. 

2 hr. 45 min 

3 hr. 45 mm. 

Gas analyses at: 

2 hr. 25 min. 

%COi 

1.0 

%co. 

0.0 






%o. 

20.6 

%Oi 

20.8 






%N» 

78.4 

%Nj 

79.2 





2 hr. 30 min. 

— 

- 

— 

- 

%co* 

0.6 

20.0 

— 

- 






%N, 

79.4 



2 hr. 35 min. 

%COs 

%Oa 

12.5 

17.7 

— 

- 

— 





%Ni 

69 8 







2 hr. 45 min. 

— 


— 

_ 

%co, 

2.3 

__ 

— 






%Ox 

20.0 








%N, 

77.7 



3 hr. 

— 

- 

— 

- 

%COs 

22.4 

_ 

_ 






%o, 

15.9 








%N. 

61.7 



3 hr. IS min. 

— 

- 

— 

- 

%CO, 

m 

23.4 

15.8 

— 

- 






%Ns 

60.8 



3 hr. 45 min. 

%ca 

19.5 

%co, 

0.2 

-- 


%COi 

8.0 


%Os 

14,9 

%o. 

20.7 



%02 

19.0 


%Ni 

65.6 

%Ns 

79.1 



%N2 

73.0 

4 hr. 30 min. 

%co, 

m 

25.4 

15.4 


1.5 

20,3 

— 

- 

%COi 

1.0 

20.4 


%N, 

59.2 

%N, 

78.2 



%N* 

78.6 
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As usual, gas samples were taken approximately 1 inch above the 
sponge. The highest carbon dioxide obtained above any of the open 
sponges was 8%, A few minutes later most of the carbon dioxide was 
swept out. On the other hand, the cabinet doughs naturally confined 
the liberated carbon dioxide above the sponge. In a series of four such 
comparisons, the open sponge did not break until about 3 hours, 40 
minutes, even though the humidity was 75%. There was sufficient 
circulation of air to cause some thickening of the surface layer of the 
sponge, although there was no noticeable crusting. The best bread 
was produced by allowing a sponge time of hours for the open 
sponges. The cabinet sponges broke between 2 hours, 30 minutes to 
2 hours, 45 minutes and the best bread was produced with a sponge 
time of 3 hours, 15 minutes. The cabinet dough had superior handling 
properties whether the sponges were fermented for 3 hours or 4 hours. 
Conditions such as the size of the doughs and an air circulation suffi¬ 
cient to cause crusting are obviously different from those maintained 
in good commercial practice. These data are cited merely to show the 
effect of too much air circulation on the carbon dioxide content of the 
air above the sponges. In the large commercial doughs, on the other 
hand, breaking time is the same for both cabinet and open fermenta¬ 
tions if the sponges are fermented at a high enough humidity. 

In the fermentation rooms of well-equipped bakeries, there is not 
usually the extensive forced air circulation that exists in our standard 
laboratory fermentation units. On laboratory size doughs, results 
more in accord with cabinet fermentation are, of course, achieved when 
sponges are covered. 

Effect of Relative Humidity on Breaking Time of the Sponge 

When open sponges are fermented in a room where the humidity is 
under 70%, the sponge takes a longer time to break and the breaking 
time is in direct relation to the i dative humidity. A low relative 
humidity in the dough room necessitates a longer sponge time if 
judged by the time of break. From 70 to 100% relative humidity the 
breaking time is about the same. Apparently greater humidity makes 
the surface of the sponge weaker and more pliable; hence it breaks 
more quickly and evenly with a given amount of pressure to permit 
the release of the gas generated during fermentation. Experiments 

1 through 5 in Table I illustrate this. The open sponge in Experiment 

2 at 55% relative humidity broke unevenly in 3 hours, 5 minutes; 
whereas the cabinet sponges (75 to 82% humidity) and the open 
sponges, fermented at 75 to 100% humidity, broke in practically the 
same time, 2 hours, 30 minutes, to 2 hours, 40 minutes. It is rec¬ 
ognized that the optimum sponge time need not be estimated by such 
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an arbitrary procedure as the one we have followed, for, provided a 
certain minimum time is given, bread quality is not greatly influ¬ 
enced by variations in sponge time. 

One great advantage of cabinets lies in their ability to control 
humidity in small shops having no well-regulated fermentation room. 
A dough put in a cabinet directly from the mixer gives oft enough 
moisture to keep the humidity at a fairly constant and optimum level. 
Also, as Schoonover, Freilich, and Redfern (1946) have shown, cabi¬ 
nets effect some degree of temperature control in rooms where the 
temperature is below or above the temperature of the sponge. Since 
many small and medium size shops have inadequate control of temper¬ 
ature and humidity, the use of cabinets to effect some means of control 
of these important factors is of great value. 

Effect of Carbon Dioxide, Oxygen, and Nitrogen 
Atmospheres over the Sponge 

Comparisons between cabinet and open sponges indicated that 
there could be no factor responsible for the differences observed in 
dough properties except the concentration of gases above the sponges 
between the breaking time and the time of remixing— a. period of 30 to 
45 minutes. At first thought it seemed hardly likely that a gas could 
diffuse to any extent into the sponge, due to the positive pressure of 
the carbon dioxide being liberated as a result of fermentation. Rather, 
it was believed that if the carbon dioxide tension on the outside of the 
sponge was increased, it might prevent some diffusion of the carbon 
dioxide from the dough, thus building up, after the initial liberation, 
a greater concentration of the gas inside the dough. Then it would be 
possible that the higher amount of carbon dioxide might exert an 
influence on certain enzyme reactions occurring during the later stage 
of the sponge fermentation. 

In order to secure more information on the permeability of the 
dough to gases, fermentation was conducted in atmospheres higher 
than normal in both oxygen and nitrogen. Cabinets were placed over 
the sponges and the gases introduced into the cabinet immediately 
after the sponges were taken from the mixer. Results of the gas 
analyses and the baking data are recorded in Table I, Experiments 
7 and 8. 

When oxygen was used in the cabinet, the sponge was coarse, 
sticky, and ^'dead.” At the dough stage more flour was required for 
the same amount of water, resulting in 4% lower total absorption. 
The dough was wet out of the rounder and at the end of the intermedi¬ 
ate proof. The dough coming from the molder was short. The bread 
exhibited an excellent oven spring, but had an open grain and a crumbly 
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texture. The aroma, flavor, and taste were flat. Gas analyses at the 
end of the sponge period demonstrated as high a carbon dioxide content 
as was found with the regular cabinet sponge. However, the oxygen 
content of the gas above the sponge was about double and the nitrogen 
approximately half that shown by the cabinet sponge. 

When nitrogen was used in the cabinet, absorption at the dough 
stage was even less than with the cabinet sponge fermented in the 
atmosphere containing excess oxygen and 7% lower than the regular 
cabinet sponge. It was found necessary to mix 6 minutes longer than 
normally to secure a smooth dough. The dough was soft and sticky 
through the machines. Although oven spring was good, the loaf 
representing the sponge fermented in excess nitrogen gave an open 
grain, a gummy texture, and very poor aroma, taste, and flavor. The 
atmosphere above the sponge during the last 30 minutes of the sponge 
period showed a slightly lower carbon dioxide and oxygen content; the 
nitrogen percentage was higher throughout the sponge period. Some 
objection might be raised because oxygen and nitrogen were introduced 
at the beginning of the sponge period. However, similar experiments 
in which carbon dioxide was introduced at the start of the sponge 
period gave results equal to, or better than, the usual cabinet doughs. 

These experiments demonstrate that the sponge must be perme¬ 
able to the gases above it and that high concentrations of nitrogen and 
oxygen cause damage to the physical characteristics of the dough and 
the resultant bread, as Johnson (1945) has previously shown on 
smaller doughs. 

It is interesting to note, in this connection, the results reported by 
Baker and Mize (1937) on the effect of mixing doughs in vacuum and 
in the presence of various gases. They found that doughs mixed in 
atmospheres of hydrogen and nitrogen became sticky and soft on long 
mixing; doughs mixed under oxygen developed, in addition, pro¬ 
nounced shortness. However, normal bread was produced from the 
doughs subjected to mixing in vacuum or in the presence of hydrogen 
or nitrogen. Doughs mixed in the presence of oxygen gave improve¬ 
ment followed by pronounced deterioration. 

Experiments were then conducted to see if open sponges fermented 
in a room filled with higher than a normal concentration of carbon 
dioxide gave results similar to the cabinet procedure (Table I, Experi¬ 
ments 9 to 14 inclusive). Carbon dioxide was introduced by attaching 
a tank to the humidifying system of the fermentation room which was 
7 feet high; 5 feet, 9 inches long; and 6 feet, 2 inches wide. Gas samples 
were taken at the level of the trough by means of tubing inserted 
through the roof of the room. In Experiment 9 the carbon dioxide 
in the room varied from 8.3 to 9,2% throughout the sponge period. 
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A cabinet sponge placed in the room at the same time showed 32.4% 
carbon dioxide when the sponge was taken. This open sponge was 
slightly smoother than the regular open sponges but w^as not as drv 
and mellow in handling as the regular cabinet dough. The cabinet 
dough fermented in the room at the same time had excellent machining 
quality. Experiments 11 and 12 were conducted at a higher level of 
carbon dioxide. During the last 30 minutes of the sponge period, 
between 17.4 and 19.4% carbon dioxide was maintained. The open 
sponge was almost equal to the cabinet sponges in machining and 
bread quality. The cabinet sponge fermented at the same time in 
this carbon dioxide-filled room attained a level of 43.8% carbon 
dioxide. This was the highest figure found in a cabinet sponge and 
the dough had the best machining characteristics of all the cabinet 
doughs. In Experiment 13 the carbon dioxide concentration was 
again increased. At the end of 1 hour it was 31% and thereafter, 
during the critical period, about 21%. The dough was equal to the 
cabinet sponges. In Experiment 14 the carbon dioxide was main¬ 
tained at a still higher level—between 28 and 45% from 2 hours, 45 
minutes to 3 hours, 15 minutes. This dough was also equal to that 
obtained from the cabinet procedure in handling characteristics and 
in bread quality; thus it would appear that approximately 20% 
carbon dioxide, with proportionate lowering of oxygen and nitrogen, 
during the last 30 to 45 minutes of the sponge time is the critical level 
for the production of excellent machining and superior bread. 

Under the conditions of these experiments it was not feasible to 
ferment a dough in a room where the carbon dioxide was maintained 
at a high enough concentration for only the last 30 to 45 minutes of 
the sponge period. In order to build up a sufficient concentration of 
carbon dioxide in the dough room, it was found necessary to intro¬ 
duce the carbon dioxide from the beginning of the sponge time. How¬ 
ever, a rather interesting experiment was tried in which two sponges 
were fermented under exactly the same conditions of mixing, fermen¬ 
tation time, and temperature, one open and the other with a cabinet 
on top of the trough. At 2 hours, 25 minutes (just before the break) 
the cabinet was taken off the cabinet sponge and put on the open 
sponge. A sponge time of 3 hours, IS minutes was given both doughs. 
It was found that the sponge that was covered with the cabinet during 
the last 50 minutes had superior machining characteristics to the 
sponge that was open during the last 50 minutes but covered prior to 
that time. 

The machining characteristics comprise the outstanding difference 
between doughs made from cabinet and open sponges, and it is un¬ 
fortunate that they cannot be properly evaluated by any single 
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chemical or physical means, but must be judged by the feeling of the 
dough at the divider, rounder, and molder. Since the farinograph 
and the exlensograph are the only means available to record certain 
differences in the physical properties of doughs, the following experi¬ 
ments were conducted. 

Farinograph and Extensograph Measurements 

What change does the higher concentration of carbon dioxide cause 
during the short interval it is present above the fermenting sponge? 
As the first step in elucidating this problem, extensograms and farino- 
grams were made on the sponges, and on the doughs after remixing. 
A different flour from that previously employed was used in this series 
of experiments, but it showed the same analyses as the flour previously 
reported. The formula was the same as that described for the experi¬ 
ments listed in Table I and both open and cabinet sponges and doughs 
were handled at the same absorption. The open sponges were fer¬ 
mented in the small dough room maintained at a relative humidity of 
82 to 85% and a temperature of 80°F (26.7®C). Sponges were taken 
from the mixer at 78°F (25.6°C) after a 5-minute mix and the doughs 
were mixed for 2 minutes after the cleanup. The cabinet doughs 
needed less mixing. This procedure was justified because in usual 
commercial practice doughs are mixed for a definite time after the 
cleanup. The fermentation times chosen for the open sponges were 
3|, 4, and 4| hours, and the best bread was produced with the 4-hour 
sponge time. Two cabinet doughs were compared with the open 
sponges, using sponge times of 2 hours, 55 minutes and 3 hours, IS 
minutes. Previous experiments with other flours had shown that 3 
hours, 15 minutes was ample time for a cabinet sponge. The relative 
humidity inside the cabinet was 85%. The baking data are presented 
in Table III. 

Duplicate farinograph and extensograph curves were conducted on 
all samples and good checks were obtained. A weight of 480 g was 
used for the farinograph curves and ISO g for the extensograms. 
Farinograms were made on pieces of the sponge taken just before re¬ 
mixing and again on the dough immediately after remixing. The 
samples for the extensograms were rounded and molded in the usual 
fashion. Measurements were made immediately on the rounded and 
molded sponge, but on the remixed dough a rest period of 38 minutes 
was given. This interval was chosen because it corresponds closely 
td the time actually taken between the remixing and molding of the 
large doughs. It is evident that the rounding and molding manipula¬ 
tions in the extensograph change the state of the dough and measure 
certain physical characteristics of the dough relatively at rest as com- 
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pared with the farinograph where the gluten strands are subjected to 
continuous mixing. The length of the extensogram indicates the 
extensibility, and the height of the curve indicates the resistance of 
the dough to extension, or the energy necessary to stretch the dough. 
For best breadmaking results, a proper balance should exist between 
the length and height of the curve. The interpretation of farinograms 
is too well known to discuss here. 

Figure 1 illustrates the results obtained with the farinograph and 
the extensograph. The farinograph curves A, B, and C on the open 
sponges showed the highest consistency and the greatest strength on 
the 3i-hour sponge. The 4- and 4f-hour sponges became progress¬ 
ively weaker, as shown by both the amplitude and the breaking point 
of the curves. The curves on the 2 hour, 55 minute and Si-hour- 
cabinet sponges (D and E) and the Sf-hour open sponge (A) were not 
significantly different, D showing somewhat more strength. Farino¬ 
graph curves I and J on the cabinet doughs, however, show a definitely 
higher consistency than the curves (F, G, and H) on the doughs made 
from all the open sponges. This was not due to the few minutes 
shorter mixing time of the cabinet sponges at the dough stage, since 
other experiments have shown that a high consistency on the farino¬ 
graph curves was obtained when the mixing times on both open and 
cabinet doughs were identical. Numerous comparisons of laboratory 
or commercial size cabinet and open sponges under controlled condi¬ 
tions of temperature and humidity have always shown that a drier 
dough is given by the cabinet method. 

At the end of the fermentation period, all sponges are “short”; 
this is illustrated by the extensograph curves K through O. The 
curves on the open sponges all indicate about the same extensibility. 
The height of the curves decreased progressively from 360 to 310 to 280 
units as the fermentation time increased. Curve O for the cabinet 
sponge with a fermentation time of 3 hours, 15 minutes exhibited the 
most extensibility and the greatest resistance to extension (420 units) 
of all the curves. The cabinet sponge fermented for 2 hours, 55 
minutes, however, gave a curve (N) very similar to the 4-hour open 
sponge, the only difference being that the cabinet curve was 20 units 
higher. The extensograms on the doughs are much easier to interpret 
since conditions more closely parallel the state and time of the dough 
at actual machining. The extensograph curves S and T of both 
cabinet doughs gave a greater area than the curves P through R ob¬ 
tained from any of the open sponges. Results in machining verify 
these measurements since the cabinet doughs machined more smoothly 
and were drier and more mellow than any of the open sponges. 

These results, in conjunction with the baking data given in Table 
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III, substantiate the conclusion that shorter sponge times are possible 
when using the cabinet procedure, 

Farinograph and extensograph curves were also made on the 
sponges fermented in oxygen and nitrogen and reported in Table I, 
but space does not permit their inclusion. It was interesting to note 

TABLE III 

Comparative Baking Data for Cabinet and Open Sponges 
Employed in Extensograph and Farinograph Studies^ 


j 

Exp. 

No. 

Type of 
sponge 

sponge 

time 

Temp. 

of 

sponge 

at 

matur- 

ity8 

Machining quality 

Volume 

cc 

Total 

bread 

score 

Remarks 

IS 

open 

3 hr. 

15 min. 

®F 

85 

Dough mixed smooth but was 
a trifle soft. No sign of 
shortness in mixer but was 
short at divider. Recovered 
in overhead proofer. Smooth 
and pliable at molder. 
Normal proof. 

2530 

90.5 

Crumb w'as 
short and 
slightly gummy. 

16 

Open 

4 hr. 

87 

Dough mixed smooth but was 
a tiifle soft. No shortness 
in mixer or at divider. 
Molded somewhat tough. 
Not as smooth as usual doughs. 
Normal proof. 

2630 

92.5 

Slightly open 
grain. 

17 

Open 

4 hr. 
45 min. 

87 

Sponge was a trifle soft. 
Dough mixed smooth, soft, 
and a trifle wet. Some 
shortness at divider. Molded 
a little tough. More gas 
than usual in dough at 
molder. 

2790 

90.5 

Slightly open 
grain with a 
few large holes. 
Wet and 
crumbly texture. 

18 

Cabinet 

2 hr. 
55 min. 

84 

sponge shorter and drier than 
open sponges. Dough mixed 
smooth in 4 min. less than 
open sponges. Machined 

easily. Dry at divider. 
Molded very smootli. 

2595 

95.5 

Good grain, 
thin cell walls, 
silky texture. 

1<) 

Cabinet 

3 hr. 

15 min. 

85 

Sponge shorter and drier than 
open 8pongc.s. Mi.xed smooth 
in 5 min. less mixing than 
open sponges. Machined 

easily. Dry at divider and 
molder. 

26.30 

05..3 

Slightly open 
grain, tliin <vll 
walls, silky 
texture- 


} Room temperature, 80®F (26.7®C); relative humidity of dough room, 82 to 8S%; relative humidity 
mside cabinet, 85%. Breaking time of all sponges was between 2 hours, 30 minutes and 2 hours, 40 
minutes. 

a 84®F - 2S.9®C; 85®F = 29.4"C; 87®F 30.6®C. 

that both the farinograms and extensograms on the doughs made 
from sponges fermented under excess oxygen and nitrogen indicated 
poor handling properties. 

Hydrogen Ion Concentration of Open and Cabinet Sponges 

Although it would not be expected that there would be a difference 
in the hydrogen ion concentration of the open and cabinet sponges, 
since there appeared to be no difference between them until the break- 
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ing point, this factor was checked on the two sponges fermented under 
identical conditions of formula, temperature, and time. The only- 
difference, a negligible one, was that the relative humidity inside the 
cabinet was 83%, while in the dough room, where the open sponge 
was fermented, it was 76%. Glass and calomel electrodes were in¬ 
serted in the sponge and the changes in hydrogen ion concentration 
with time were measured with a Cambridge potentiometer. Results 
were as follows: 


Time after mixing sponge 

open 

pH 

Cabinet 

Initial 

5.7 


5.7 

15 min. 

— 


5.5 

25 min. 

5.6 


— 

45 min. 

5.3 


5.3 

1 hr. 15 min. 

5.2 


5.3 

1 hr. 50 min. 

5.1 


5.2 

2 hr. 5 min. 

— 


5.1 

2 hr. 20 min. 

5.1 


5.1 

3 hr. 

5.1 


5.1 

3 hr. 15 min. 

5 1 


5.1 


It is evident that no difference in hydrogen ion concentration or its 
rate of change is responsible for the superior machining of the cabinet 
doughs. 

Carbon Dioxide Production under Different Gas Atmospheres 

So far there is ample proof that the only condition which could 
cause the differences observed in the machining of the dough and in 
the quality of the bread between cabinet and open sponges is the higher 
concentration of carbon dioxide present above the cabinet sponge 
during the interval between the breaking of the sponge and its re¬ 
mixing. What is the mechanism of the action of this increased level 
of carbon dioxide on the sponge? There is a possibility that during 
this last stage of the sponge fermentation the higher level of carbon 
dioxide confined over the cabinet dough causes a more rapid generation 
of gas. This higher concentration of carbon dioxide may then act 
favorably on certain enzyme systems or on the gluten itself. 

To obtain more accurate information on the effect of various gases 
on the rate of carbon dioxide production by the action of yeast on 
flour, this phase of the subject was investigated using the Warburg 
apparatus. Details concerning the principle and the operational 
techniques have been described by Dixon (1943) and Umbreit, Burris, 
and Stauffer (1945). Since a free exchange of gases is essential in 
employing any type of respirometer, it is necessary to employ more 
dilute suspensions than exist in dough. The suspensions were made up 
as follows: 50 ml of water or buffer were added to 10 g of the short 
patent flour employed for the baking procedures, and the suspension 
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was thoroughly mixed for about 2 minutes with a mechanical stirrer. 
A quantity of 2 ml was used. A volume of 1 ml of the yeast suspen¬ 
sion (0.4 g fresh compressed yeast made up to SO ml with water or 
buffer) was employed, thus giving a concentration of about 2% yeast 
based on the flour weight. In all experiments blanks were conducted 
on the flour and yeast suspensions separately. Each of the blanks 
was made up to 3 ml with water or buffer and the sum of the two 
blanks was subtracted from the readings of the flour-yeast mixture. 
The yeast solution was tipped into the flour suspension from the side 
arm after 15 minutes* equilibration. A temperature of 37®C was 
used throughout. In all the experiments where the fermentation was 
studied with gases other than air, the three flasks with flour alone, 
yeast alone, and flour and yeast were gassed for 10 minutes before 
placing them in the bath. The gas was bubbled through water before 
its introduction in the flasks. A similar series with air was always 
conducted at the same time. The manometers were then set at 150 
after equilibration and readings of the carbon dioxide liberated taken 
at suitable intervals. Figure 2 illustrates average results obtained 
using water, rather than a buffer, with flour-yeast mixtures fermented 
in air, carbon dioxide, nitrogen, and oxygen. Water was used because 
it simulates more closely tlic conditions present in dough. 

It would be expected that the hydrogen ion concentration of the 
flour-yeast suspensions gassed with carbon dioxide would be lower 
than the samples gassed with oxygen or nitrogen. The flour suspen¬ 
sion in the main compartment and the yeast suspension in the side 
arm were gassed for 10 minutes in the usual fashion with carbon dioxide, 
oxygen, and nitrogen. An air control was used for comparison. The 
contents of the side arm were added to the flour suspension and the 
hydrogen ion concentration measured immediately with micro¬ 
electrodes, Results were as follows: 

pH 


Flour extract alone 5.82 

Flour-yeast with air 5.79 

Flour-yeast with nitrogen 5.66 

Flour-yeast with oxygen 5.64 

Flour-yeast with carbon dioxide 5.06 


The higher hydrogen ion concentration of the flour-yeast mixtures 
fermented in air or oxygen as compared to carbon dioxide explains the 
delayed start of the curves in air and in oxygen. Until the water is 
saturated with the carbon dioxide produced by fermentation, there is 
no liberation of gas. The solubility of carbon dioxide at 37®C is 0.57 
ml carbon dioxide per ml water, which is significantly higher than the 
other gases employed. Flour-yeast suspensions in water fermented 
under carbon dioxide and nitrogen gave increased amounts of carbon 
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dioxide as compared to air and oxygen, fermentation in nitrogen being 
much faster owing, perhaps, to the more rapid diffusion of this gas. 

Because of the differences in the initial hydrogen ion concentration 
of the flour-yeast-waler mixtures, it was of interest to repeat the ex¬ 
periments substituting a sodium acetate-acetic acid buffer of hydrogen 
ion concentration* 5.0 for the water. Both the flour and yeast sus- 



Time — Minutes 


Fig. 2. Carbon dioxide production of flour-yeast water suspensions 
fermented in air. oxyg^, nitrogen, and carbon dioxide. 

pensions were made up with this buffer, which had approximately the 
same hydrogen ion concentration as existed at the start of the carbon 
dioxide experiment and was also the hydrogen ion concentration found 
at the end of all the Warburg experiments. Figure 3 illustrates the 
average results. Because of the lessened solubility of carbon dioxide 
at the lower hydrogen ion concentmtion, there is not the usual induction 
period found when water is used as the medium in the air and oxygen 
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curves. The carbon dioxide and nitrogen experiments gave about the 
same gas production in the buffered suspensions and, as might be 
expected, both were higher than when the fermentation was con¬ 
ducted in air or oxygen. 



Fig 3 Carbon dioxide production of flour-yeast-buffer (pH 5) 
suspensions fermented in air. oxygen, nitrogen, and carbon dioxide. 


These experiments show that gas production of flour and yeast 
suspensions is more rapid in am anaerobic atmosphere. 

Maltose and Sucrose in the Fermenting Sponges 
A sponge was mixed using the ingredients given in the original 
formula, except that no yeast food was included. After a 5-minute 




July, 1946 


BETTY SULLIVAN AND W. A. RICHARDS 


383 


mix the sponge was divided; one-half was fermented in air, the other in 
a cabinet into which carbon dioxide was conducted. Maltose was 
determined on 10 g of the sponge by the Blish-Sandstedt procedure, 
as modified by Sandstedt (1937), at various stages of fermentation. 
Figure 4 shows that the sponge fermented under carbon dioxide had 



less reducing sugar at all stages than the sponge fermented in air. 
The initial increase in maltose around the first hour is always greater 
in air than in the carbon dioxide-fermented doughs. 

Sucrose was likewise determined and its decrease with time is 
about the same for both doughs. 
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Retention of Carbon Dioxide in the Cabinet and Open Sponges 

As a preliminary check on the amount of carbon dioxide actualh 
contained in the sponges, the following experiment was conducted. 
Two sponges (39 pounds of flour, 24 pounds of water, 1 pound, 5 
ounces of >east, 1 pound, 15 ounces of shortening, and 0.004% of 
potassium bromate) were mixed for 5 minutes. The temperature of 
the sponges was 78®F (25.6°C) from the mixer and 84®F (28,9°C) at 
maturity. Both cabinet and open sponges were fermented for 4 
hours in a room maintained at 80®F (26.7°C) and 85% humidity. 
At the end of the fermentation period a piece of dough was taken from 
each sponge. Duplicate 30-g samples from each sponge were weighed 
in a 250-ml centrifuge bottle and 60 ml 0.1 AT barium hydroxide 
solution added. The samples were shaken for 15 minutes in a shaking 
machine, centrifuged, and 30-ml aliquots titrated with 0.1 iV HCl 
solution using phenophthalein as an indicator. The 30-ml aliquots 
of the open sponge used 26.45 and 26.53 ml of the barium hydroxide 
solution (30 ml—ml HCl required), while the same size aliquots of the 
cabinet sponges used 27.40 and 27.22 ml of the barium hydroxide. 
This proves that the cabinet sponges actually held more carbon di¬ 
oxide—the equivalent of 0.82 ml of 0 I AT barium hydroxide per 15 g 
of sponge. 

Discussion 

It is well known that bakers’ yeast does not rigidly conform to one 
metabolic type. Under anaerobic conditions, fermentation is favored; 
in the presence of air or oxygen, there is an adaptation to the respira¬ 
tory'' type. Many organisms, as well as plant and animal tissues, 
possess both respiratory and fermentation mechanisms and the faculty 
of using either the aerobic or the anaerobic system, as the conditions 
require, is known as the Pasteur effect. Much work has been done on 
the yeast fermentation of glucose under aerobic and anaerobic condi¬ 
tions, but little or no information is available regarding the effect of 
such conditions on panary fermentation. Fermentation consists of a 
number of oxidation-reduction reactions of the trioses which are 
formed by the cleavage of glucose. These reactions depend on several 
enzyme systems whose delicate balance may be shifted by means of 
the gaseous environment, or by the presence of certain compounds or 
groups capable of interference or protection of some of the energy" 
transfer systems. The -SH groups, for instance, undoubtedly have, 
as one of their functions, the protection of certain systems against 
oxygen injury and, hence, act as regulators of the fermentation re¬ 
actions. Before we can understand the reason for some of the over¬ 
all effects observed in cabinet fermentation, it will be necessary to 
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study certain of these specific enzyme systems. It is quite probable 
that the atmosphere present above the sponge will influence the rate 
and the course of many of these reactions since, apparently, the sponge 
is permeable to the gases above it. This permeability will depend on 
the rate of diffusion of the individual gases and the efficiency of the 
sponge in acting as a semipermeable membrane. The velocity of 
diffusion of a gas is in inverse proportion to the square root of its 
density. If air is taken as 1, the velocity of diffusion of the other 
gases is nitrogen, 1.014; oxygen, 0.9S0; and carbon dioxide, 0.812. 
However, in the case of a moist membrane in which a gas is soluble, its 
density exerts a minor effect and the rate of diffusion is proportional to 
the solubility of the gas in the solvent. Thus, carbon dioxide will 
pa^s through a moist membrane more rapidly than oxygen or nitrogen, 
both of which have a higher velocity of diffusion, because carbon di¬ 
oxide is appreciably soluble in water. The adverse effect produced by 
fermenting sponges in an atmosphere higher than normal in oxygen 
and nitrogen indicates that these gases must diffuse into the sponge. 
The probability is that carbon dioxide diffuses into the sponge to an 
even greater extent. 

It had been shown manometrically that carbon dioxide production 
by flour-yeast suspensions is higher in the presence of nitrogen and 
carbon dioxide, a fact which has been proved numerous times on 
simpler fermentation systems. That oxygen inhibits true fermentation 
has been known since the time of Pasteur. Likewise, as further proof, 
it has been indicated that the total sugar content of sponges fermented 
in carbon dioxide is less than that of sponges fermented in air. Yet 
fermentation under nitrogen gives most unsatisfactory results and 
fermentation under carbon dioxide achieves results better than normal. 
It is evident that carbon dioxide has a specific effect and this effect 
is much more important than the maintenance of a state of anaerobio- 
sis. Because of the carbon dioxide produced in the fermentation, 
anaerobiosis is present, to a large and perhaps sufficient degree, in 
sponges fermenting in air. The increased amount of carbon dioxide 
presumably present in the sponges from the cabinet procedure during 
the period after the break and before the remixing of the sponge may 
exert its effect by combining chemically with the basic amino groups 
of the protein, or by changing the course of certain enzyme reactions 
because of its replacement of air in the fermenting dough. The 
phenomena of carbon dioxide retention by proteins such as serum is 
well known. As measured by barium hydroxide titrations, a greater 
carbon dioxide retention was found in the cabinet sponge than in the 
open sponge. Until more research is done on the specific mechanism 
of the action of increased concentrations of carbon dioxide on ferment- 
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ing sponges, it is not possible to explain fully the effects observed. It 
is planned to continue this work by studying some of the oxidizing 
enzyme systems present in dough and the influence of carbon dioxide 
upon them. 

Summaiy 

Comparisons of open and cabinet sponges fermented under con¬ 
trolled conditions of temperature and humidity have shown the 
marked superiority of the cabinet method. This superiority lies 
mainly in the production of drier, more mellow doughs that machine 
more smoothly. From 1 to 2% higher absorption may be employed 
with the cabinet procedure, and optimum mixing time is always a few 
minutes shorter than with the conventional open sponge fermentation. 
Likewise, a shorter sponge time may be employed. In the bread, the 
main advantages of the cabinet method axe a softer texture and 
thinner cell wall. The effect of cabinets in maintaining some degree 
of temperature regulation and an optimum humidity in shops not too 
well controlled for humidity and temperature is obvious. 

Numerous gas analyses proved that no significant amount of 
carbon dioxide is liberated until the sponge breaks; therefore the 
superiority of the cabinet sponges must be due to the greater con¬ 
centration of carbon dioxide over the sponge during the period between 
the breaking of the sponge and the time of remixing. The best results 
were obtained when the critical concentration of carbon dioxide at 
this period was approximately 20%. Under commercial conditions, 
seldom, if ever, are open sponges fermented in an atmosphere contain¬ 
ing this high a level of carbon dioxide. However, open sponges will 
give results similar to the cabinet procedure if carbon dioxide is 
maintained in the dough room at a high enough concentration. 

When sponges are fermented in an atmosphere of either oxygen 
or nitrogen, poor machining and inferior bread result. This would 
indicate that the sponge is permeable to the gases above it, and be¬ 
cause of the greater solubility of carbon dioxide in water, it is probably 
more permeable to carbon dioxide than oxygen or nitrogen. 

Gas production is more rapid when flour-yeast suspensions are 
fermented in nitrogen or carbon dioxide than in air or oxygen, but this 
does not explain the better results obtained with cabinets, since gas 
production is even more rapid in nitrogen than in carbon dioxide. 
Neither does any difference in hydrogen ion concentration between 
open and cabinet sponges account for the results obtained. It is 
suggested that the greater anaerobiosis obtained by higher concentra¬ 
tions of carbon dioxide is of much less importance than a specific effect 
of carbon dioxide. This effect may be either a combination of carbon 
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dioxide with basic groups of the protein or the action of carbon dioxide 
on certain oxidizing enzyme systems present in the fermenting dough, 
but both possibilities remain to be proved. 
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Many efforts have been made to devise a mechanical means for 
measuring and recording the properties of doughs when subjected to 
continuous mixing. At the present time the two machines most 
popular in the United States for measuring and recording the behavior 
of dough during mixing are the Brabender Farinograph and the Na¬ 
tional Micro Recording Dough Mixer or Mixograph. The develop¬ 
ment of the farinograph and the mixograph and the principles of their 
action on dough have been thoroughly discussed in monographs de¬ 
scribing various physical dough testing methcxis which have been 
prepared by Bailey (1940) and Swanson (1943). 

The use of recording dough mixers for testing flour quality and 
flour classification has been studied by several investigators. Bra¬ 
bender (1932) presented farinograms which show the effect of blending 
North American hard wheat flours with European soft wheat flours. 
Brabender (1934) also gives experience covering a period of six years 
in testing baking value of flours by mechanical means. Munz and 
Brabender (1940, 1941) demonstrated that farinogram patterns have a 
definite relationship to type of flour. Geddes, Aitken, and Fisher 
(1940) made an extensive study of the relation between the farinogram 
characteristics and baking value of Western Canadian wheat. They 
concluded that the farinogram characteristics were not as valuable as 
flour protein as an index of loaf volume but the instrument provided 
valuable accessory information on such properties as absorption, 
optimum mixing time, and mixing tolerance. Aitken, Fisher, and 
Anderson (1944) studied the relationship between farinogram meas¬ 
urements and the commercial grade of the wheats from which the 
flours were milled; the curve dimensions failed to change consistently 
with decreasing grade. 

The wide variation in dough development curves made on tlie 
mixograph and the possibilities of classifying these into types were 
shown by Swanson (1939). Johnson, Swanson, and Bayfield (1943) 
studied the correlation of mixogram characteristics with baking re¬ 
sults. They concluded that the greatest value of such testing was 
the obtaining of data that supplements baking data. Harris, Sibbitt, 

* Contribution No. 125, Department of Milling Industry. 
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and Banasik (1943), employing baking ingredients and fermentation, 
obtained mixograms whose properties when expressed by a single 
figure were highly correlated with loaf volume. 

The object of this stud} was to compare the farinogram and mixo- 
gram patterns of flours actually used for specific purposes and to study 
these patterns in relation to intended t> pes of processing. 

Materials and Methods 

One hundred and thirty-two flours obtained from flour mills and 
bakeries located in various parts of the United States and Canada were 
used. The flours were classified by those supplying the samples. The 
groups and numbers of samples obtained were as follows: hearth bread 
(13), baker}' (20), topping anddoughing (11), family (19), pastry (13), 
medium quality cake (13), fanc} cake (IS), specialty flour for pies, 
cookies, doughnuts, etc. (7), cracker dough (6), cracker sponge (8), and 
biscuit (7). 

The samples, collected over an 8-week period, were stored at 40®F 
until all were received, at which time they were anal}'zed for moisture, 
protein, and ash and the physical dough tests were started. The 
samples were coded so that during the testing their association with 
any specific group was unknown to the technician. 

Farinograms were made according to the following procedure 
specified by the Brabender Corporation. The thermostat was main¬ 
tained at 30®C and the small mixing bowl was used employing 50 g 
^(14^mo.isture basis) of resifted flour. The absorption for the normal 
farinogram was determined by a titration curve bringing all doughs to 
the 500 Brabender unit consistency at point of minimum mobility. 
Distilled water, only, was employed. 

Mixograms were made with the mixograph (National recording 
dough mixer) operating at 87 rpm with the No. 9 spring setting in an 
air-conditioned room maintained at 80®F (26.7®C) d= 1®. Thirty-five 
grams of flour (14% moisture basis) were used with absorptions 
established from the regression of absorption and protein content pre¬ 
viously determined in the laboratory. The farinograph was placed 
in the same room as the mixograph. 

After farinograms and mixograms had been made on all the flour 
samples, inspection of each group showed considerable variation in 
curve types, and hence it seemed best to select five farinograms and 
five mixograms as representatives of each group. The method of 
selection was by visual inspection of the mixograms and farinograms 
of each of the groups. First were selected the two curves which rep¬ 
resented the extremes in type and the most typical mean'^ which 
was midway between the two extremes. Then two additional curves 
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were selected each of \\hich represented a curve type intermediate 
between the extremes and the “typical mean.” 

^la.ny measurements were taken from the farinograms and mixo- 
grams but only a fe\\ seemed pertinent to this study. Farinogram 
and mixogram mixing requirement (minutes of mixing to point of 
minimum mobility), farinogram valorimeter, and mixogram area and 
absorption determinations were chosen to aid in studying the flourb 
Flour protein and ash content were also included. Statistical means, 
standard deviations, and coefficients of variability were calculated. 

^^he farinogram and mixogram mixing requirements were deter¬ 
mined from the number of curved lines traversed by the pen from the 
start of the curve to point of minimum mobility. The valorimeter 
value was obtained according to the method furnished by the Bra- 
bender Corporation: The farinogram was placed in a special template 
(Brabender, 1937) designed to give a single figure strength rating of 
flours by the farinograms. The template consists of two parts. One 
part is stationary and has a series of exponential lines which are desig¬ 
nated with valorimeter values. The other part is movable and cut to 
fit the arc made by the pen of the farinograph. The movable part is 
12 cm in length. To obtain a valorimeter reading, the farinogram is 
placed under the stationary part so that the beginning of the curve 
coincides with both this beginning of the stationary template and the 
500 unit consistency line. The movable part is then placed over the 
stationary part so that the fore edge of the movable template coincides 
with the point of minimum mobility of the farinogram. The valorim¬ 
eter value is then read from the stationary template at the point 
where the opposite edge of the movable template bisects the descend¬ 
ing slope of the farinogram. The length of time to point of minimum 
mobility and the slope after this point determine mainly the valorim¬ 
eter value. The mixogram area was measured with a planimeter 
for a mixing period of 8 minutes. ^ 

Results and Discussion 

The various groups of flours were classified into three broad cata- 
gories: (1) bread, (2) pastry, (3) cracker and biscuit flours. The 
experimental results are thus presented by groups in the three cate¬ 
gories by the use of three figures and three tables. The data presented 
in each of the tables represent the corresponding flours depicted in the 
figures; in addition, means, standard deviations, and coefficients of 
variability are given for all flours in each group. The statistical means 
may not be exactly the same as the “t^'pical means, ” since the statisti¬ 
cal means were obtained by averaging the data from all samples in a 
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group and “typical means’^ weie obtained from curves chosen by 
observation of general characteristics. 

Bread Flours The farinograms and mixograms of the four bread 
flours are presented in Figure 1. Each set of curves within any one 
group are arranged from left to right according to increasing streng^ ® 
as indicated by increasing length of mixing requirements, decreasing 
sensitivity to overmixing, increasing width of band, and general dough 
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Fig 1 F'innograms and mi\ognms for bread flours 


development characteristics. The letter under the peak of each curs^e 
designates a definite flour. Data with the identifying letters for the 
corresponding samples are presented in Table I. Neither the farino¬ 
grams nor mixograms exhibit sharp lines of demarcation between 
groups but merge gradually from one to another type (Figure 1). The 
curves for the strongest flours in each respective group tend to be more 
alike than those for the weakest flours. The curves of the hearth and 
bakery flours are more uniform than the topping and family flours. 

^ This define? strength' as used in this paper 
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TABLE I 

Summary oi* Daia on Bread Type Flours 


Fig. 1 
Letter 

Protein 

Ash 

MiYOgram 

mi\mg 

time 

Farmo- 
gram mix¬ 
ing time 

Mixogram 

absorption 

Farino- 
graph ab¬ 
sorption 

Mixogram 

area 

Farino- 
graph val- 
orimeter 
reading 


% 

vj. 

^0 

mtn. 

mm. 

% 

% 

cm - 

U7llt 


Hearth flours—13 samples 


A 

13.2 

.40 

2.5 

7.5 

64.0 1 

64.5 

93.6 

66 

B 

13.5 

.47 

3.0 

6.0 

64.0 

63.5 

94.3 

70 

C 

15.2 

.48 

3.5 

8.5 

66.0 

68.0 

85.2 

77 

D 

13.3 . 

.76 

3.2 

9.0 

64.0 

65.3 

95.0 

78 

E 

14.5 

.47 

3.2 

12.0 

65.0 

68.9 

90.0 

83 

Mean 

13.7 

.52 

3.20 

9.2 

64.2 

65.8 

90.2 

75.5 

S.D. 1 

.80 

.10 

.39 

1.82 

1.03 

2.00 

. 6.2 

7.07 

C.V.* 

.06 

.20 

.12 

.20 

.02 

.03 

.07 

,09 


Bakery flours—20 samples 


F 

11.3 

.44 

2.4 

3.5 

61.0 

60.9 

71.4 

47 

G 

11.4 

.42 

2.8 

5.5 

62.0 

63.9 

78.6 

65 

H 

12.4 

.44 

2.2 

6.0 

63.0 

64.9 

85.4 

65 

I 

13.5 

.45 

3.2 

9.0 

64.0 

68.5 

90.0 

82 

J 

12.7 

.47 

3.5 

6.0 

63.0 

64.9 

81.9 

79 

Mean 

11.9 

.47 


5.6 

62.2 

63.0 

80.7 

68.5 

S.D. 1 

.94 

.04 

.72 

2.08 

1.24 

2,18 

8.58 

12.90 

CV.s 

.08 

.08 

.22 

.37 

.02 

,03 

,11 

.19 


Topping flour—11 samples 


K 

10.1 

.40 

2.5 

4.5 

60.0 


74.9 

53 

L 

10.5 

.45 

2.7 

3.5 

60.0 

61.2 

70.7 

45 

M 

11.4 

.48 

2.4 

5.0 

62.0 

59.2 

73.9 

58 

N 

11.6 

.45 


6.5 

62.0 

63.6 

84.8 

69 

O 

12.7 

.44 

3.2 


61.0 

64.7 

88.3 

82 

Mean 

11.4 

.44 

2.90 


62.5 ■ 

62.3 

79.4 

63.5 

S.D. 1 


.04 

.53 

2.11 

1.22 

2.45 

7.25 

12.69 

C.V. s 

.09 

.10 

.18 

.35 

.02 

.04 

.09 

.20 


Family flour—19 samples 


P 

9,1 

.44 

2.0 

2.5 

59,0 

54.9 

50.0 

38 

Q 

9.8 

.48 

2.8 

4.5 

60.0 

58.7 

69,2 

49 

R 

11.3 

.47 

3.0 

5.0 

63.0 

59.5 

72.9 

52 

S 

11.0 

.43 

2.8 

6.5 

62.0 

63.4 

85.5 

58 

T 

10.9 

.47 

3.3 

14.0 

61.0 

59.7 

80.6 

82 

Mean 

11.1 

.42 

2.87 

7.1 

62,0 

62.0 

76.4 

61.5 

S.D. 1 

1.33 

.11 

.92 

3.46 

1.73 

3.43 

10.90 

14.80 

C.V.» 

.12 

.25 

.32 

.49 

.03 

.06 

.14 

.24 


^ Standard deviation. 


* Coefficient of variation. 
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The values in Table I indicate that the protein content had a range 
of 2% or more in each group. The family flours had slightly greater 
variation than the hearth, bakery, and topping flours. The hearth 
flours had the highest protein content with the bakery and topping 
flours intermediate and the family flours lowest. 

Flour absorption is positively correlated with the protein content. 
Thus, the absorptions for the hearth flours were greater than for the 



Fig. 2. Farinograms and mixograms for pastry, cake, and specialty flour. 


bakery, topping, or family flours. The absorptions determined by 
the farinograph showed greater variation than those employed in 
making the mixograms. 

There was only slight variation in the mean mixogram mixing 
requirement of the four flour groups. The farinograms exhibited 
greater variation between groups. The hearth group had the longest 
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TABLE II 

Summary of Data on Pastry Type Flours 


Fig. 2 
Letter 

Piotein 

A&h 

Mixogram 

mixing 

time 

Farino- 
gi am mix> 
mg time 

Mlxogram 

absorption 

Farino- 
graph ab¬ 
sorption 

Mixogram 

area 

Farino- 
graph val- 
onmeter 
reading 


% 

% 

min. 

mtn. 

% 

% 

cm ® 

unit 


Pastry flours—13 samples 


JJ 

9.1 

.41 




56.0 

49.6 

36 

KK 

7.4 

.45 

2.2 

2.0 


53.9 

40.4 

40 

LL 

9.7 

.42 

2.3 

2.5 


55.9 

53.7 

47 

MM 

10.0 

.54 


1.5 


56.4 

58.9 

49 

NN 

9.3 

.40 

2.5 

5.0 


62.3 

71.4 

54 

Mean 

9.3 

.43 

2.2 

2.6 

58.8 

56.7 

51.1 

43.8 

S.D. 1 

1.33 

.05 

.36 

1.43 

1.73 

2.53 


8.06 

CV. 2 

.14 

.11 

.16 

.55 



.20 

.18 


Medium quality cake flours—13 samples 


00 

8.8 

.35 

2.3 

3.0 

58.0 

55.1 

38.5 

45 

PP 

8.5 

.33 

2.3 

2.0 

58.0 

52.9 

39.4 

36 

QQ 

9.0 

.70 

2.8 

2.0 

58.0 

52.4 

47,7 

41 

RR 

8.9 

.43 

2.0 

3.0 

58.0 

59.3 

51.5 

38 

ss 

10.4 

.36 

2.8 

4.5 

60.0 

58.0 

80.0 

53 

Mean 

8.8 

.41 

2.3 

2.9 

57.9 

55.2 

50.3 

41.8 

S.D. 1 

.62 

.09 


.65 

.96 

3.49 

10.39 

4.42 

C.V.* 

.07 

.22 

.18 

.22 

.02 

.06 

,21 

.11 


Fancy cake flours—15 samples 


TT 

7.8 

.33 

2.0 

2.0 

57.0 

51.6 

33.7 

36 

UU 

7.9 

.36 

2.0 


57.0 



40 

w 

8.5 

.35 

2.2 

3.0 

58,0 

53.6 

45.8 

43 

ww 

8.3 

.35 

3.0 

3.5 

56.0 

53.8 


47 

XX 

8.8 

.39 

3.3 

4.5 

58.0 

56.2 

49.9 

52 , 

Mean 

8.6 

.37 

2.4 

3.1 

57.8 

54.8 

45.7 

42.1 

S,D,i 

.99 

.03 

.46 

1.86 

1.41 

2.27 

9.98 

13.37 

CV.^ 

.12 

.08 

.19 

.60 



.22 

.32 


Specialty flours—7 samples 


YY 

7.8 

.39 

1.2 

1.0 


53.5 

37.2 

38 

ZZ 

7.0 

.44 

2.0 

1.5 


53.7 

48.0 

40 

AAA 

9.2 

.44 

1.7 

1.5 

59.0 

54.3 

52.0 

35 

BBB 

9.8 

.42 

3.5 

4.0 

59.0 

54.9 

48.2 

52 

CCC 

10.4 

.43 

2.0 

3.5 

60.0 

58.2 

53.0 

50 

Mean 

9.6 

.41 

2,2 

2.1 

58.1 

54.6 

47.4 

41.6 

;s.D. 1 

2.40 

.03 

.79 

1.17 

1.22 

1.63 

8.91 

7.02 

C.V.» 

.25 


.36 

.56 

.02 

.03 

.19 

.17 


^ Standard deviatiozit 


* CodB^ent of variatioa. 
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mixing requirement and the family, topping, and bakery had shorter 
mixing requirements. The family flour had the greatest variation in 
mixing requirement. 

The mixogram area and farinogram valorimeter reading were 
largest for the hearth bread flours, intermediate for the bakery and 
topping flours, and lowest for the family flours. The within group 
variation was greatest for the family, intermediate for the bakery and 
^topping, and smallest for the hearth flours. While the four different 
flour groups are not sharply differentiated by mixogram area and 



Fig. 3. Farinograms and mixograma for cracker and biscuit flour. 


valorimeter reading, the means indicate that hearth flours are the 
strongest, followed in order by bakery, topping, and family flours. 

Pastry, Cake, and Specialty Flours, Farinograms and mixograms 
of flours used for pastry, cake, and several specialties such as doughnut 
and pie crusts are shown in Figure 2, and the corresponding data are 
given in Table II. The arrangement of curves and data are the same 
as used in'Figure 1 and Table I. The farinograms and mixograms in 
Figure 2 are, in general, strikingly different from those in Figure 1. 
As compared with the bread flours, the pastry and speciality flours are 
characterized mainly by shorter mixing requirement, greater sensitiv- 
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ity to overmixing, lower protein and ash content, lower absorption, 
and smaller area and valorimeter reading. 

The differences between the four groups of pastry flours (Figure 2, 
Table II) were small and the variations within each group relatively 
large, thus making this differentiation into groups of doubtful value. 
The fancy cake flours have the lowest protein and ash contents, fol¬ 
lowed by the medium quality cake, pastry, and specialty flours. The 
specialty flours had the greatest variation in protein content, being 
followed by pastry, fancy cake, and medium quality cake flours. All 

TABLE III 

SXJMMARY OF DaTA ON CrACKER TyPE FlOURS 


Fig. 3 
Letter 

Protein 

Abh 

Mixogram 

mixing 

time 

Farino- 
gram mix¬ 
ing time 

Mixogram 

absorption 

Farino- 
graph ab¬ 
sorption 

Mixogram 

area 

Faiino- 
graph val- 
orimetet 
reading 


% 

% 

min. 

min. 

% 

% 

cm s 

unit 


Cracker dough flours—6 samples 


U 

9.1 

.41 

2.1 

2.0 

59.0 

S4.S 

38.1 

40 

V 

7.4 

.38 


1.5 

56.0 

53.0 

41.3 

43 

w 

9.0 

.48 

2.0 

3.0 

58.0 

59.9 

65.0 

45 

X 

9.9 

.43 

1.8 

3.0 

59.0 

57.4 

59.8 

47 

Y 

9.9 

.52 

2.0 

4.5 

59.0 

61.9 

65.3 

50 

Mean 

9.0 

.44 

2.5 

2.8 

58.2 

56.2 

51.2 

46.7 

S.D.1 

.93 

.05 

.85 

1.02 

1.18 

4.45 

13.51 

5.31 

C.V.2 

.10 

i 

.11 

.34 

.36 

.02 

.08 

.26 

.11 


Cracker sponge flours—8 samples 


Z 

9.3 

.39 

4.0 

2.0 


55.3 

42.9 

49 

AA 

9.9 

, .40 

2.5 


50.0 

56.9 

42.6 

39 

BB 

10.0 

.48 


2.5 

60.0 

57.7 

52.4 

45 

CC 

9.9 


2.5 

3.0 

59.0 

SS.6 

60.0 

52 

DD 

10.6 

.40 

3,2 



57.7 

72.9 

62 

Mean 

9.7 

.44 

2.4 

2.9 


58.3 

55.1 

47.4 

S.D.1 

1.11 

mm 

.81 

1.09 

1.31 

3.27 

17.29 

7.48 

C.V. 2 

.11 

.11 

.34 

.38 


.06 

.31 

.16 


Biscuit floure—7 samples 


EE 

8.2 

.44 

1.2 

2.0 

58.0 

54.5 

42.9 

39 

FF 

' 7.1 

.41 

1.9 

1.0 

56.0 

52.2 

45.9 

32 

GG 

7.0 

>37 

3.8 

1.0 

56.0 

51.1 

47.1 

36 

HH 

9.4 . 

- .36 

3.8 

6.0 

59.0 

58.8 

60.2 

60 

II 

9.5 

.40 

2.8 

5.0 

59.0 

61.7 

88.6 

48 

Mean 

8.0 

.39 

2.6 

2.4 

57.6 

54.4 

53.9 

41.3 

S.D.1 

1.08 


1.00 

2.15 

1.53 

4.51 

16.31 

9.74 

C.V.* 

.14 


.39 

.90 


.08 

,30 1 

.24 


^ Standard deviation. * Coefficient of variation. 
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mixing rcquirciTieuls were shorf cind littio difference existed bet\\c^n 
the four groups. The mixogram absorptions were similar for each 
group, but the farinogram absorptions for the pastry flours were 
slightly higher than for the other flours. Only small differences 
existed between the four groups in the mixogram area and valorimeter 
reading. The valorimeter readings for the fancy cake flours showed 
the largest variations. 

Cracker and Biscuit Type Flours, Farinograms and mixograms 
obtained from cracker dough, cracker sponge, and biscuit type flours 
are shown in Figure 3 and the corresponding data are presented in 
Table III. 

Many of the farinogram and mixogram patterns of the cracker and 
biscuit type flours were similar to the pastry" type flours (Figure 2). 
The cracker and biscuit flours, in general, exhibited wider variations 
in mixogram area and valorimeter reading than the pastry type flours. 
The protein contents and absorptions were about equal for both types, 
but the cracker flours had slightly larger mixogram area and valorim¬ 
eter reading. In contrast with the bread t^’pe flours, the cracker 
and biscuit flours had short mixing requirement, lower protein and 
absorption, and smaller area and valorimeter readings. The ash 
contents of the cracker flours were about equal to the bread flours. 

The differences in curve patterns between groups in Figure 3 and 
Table III are probably less than the differences within each group. 
There is no sharp line of demarcation between groups, but the statisti¬ 
cal means in Table III show that certain differences exist between 
groups. The biscuit flours have less protein and ash than the cracker 
sponge and cracker dough flours. This is likewise reflected in the 
lower absorption of the biscuit flours. The biscuit flours on the 
average gave slightly smaller valorimeter readings than the cracker 
dough and cracker sponge flours. 

Conclusions 

The farinograms and mixograms presented in Figures 1,2, and 3 
show a wide range in characteristics within groups as well as between 
groups. This makes it appear that flours used for the same purposes 
may have widely different mixing characteristics. It is not likely, 
however, that all flours within a group are equally satisfactory- for the 
purpose intended. On the other hand, it is likely that the many 
different flours would require different treatment by the baker in order 
to obtain satisfactory products. 

The protein content appears to be one of the most important char¬ 
acteristics determining the farinogram and mixogram patterns. As 
the protein content increased, the absorption, mixing requirements, 
mixogram heights, band width, and area and farinogram valorimeter 
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leading also increased. The bread Hours w^hich were highest in 
protein content produced patterns which were distinctly different 
from those for flours of lower protein content. The bread types are 
characterized particularly by a long mixing requirement or dough 
development period. Pastry’' and cracker type flours, for which low 
protein is desired, exhibited a wide range of patterns that was gener¬ 
ally' different from the bread types. 

The mixogram area was positively correlated with the valorimeter 
reading. Both characteristics were positively correlated wdth protein 
content. Since protein content, in general, is a factor mainly re¬ 
sponsible for strength in commercial flours, it is likely that either the 
area or the valorimeter reading would give indications of the strength. 
Strength is desirable for bread flours; while for pastry and cracker 
types of baking, less strength is desirable. Either the area or valorim¬ 
eter reading gives figures which indicate in a general way the strength 
desired for widely different types of baking. 

Summary 

Farinograms and mixograms were made from 132 commercial 
flours that w'ere classified into 11 groups on basis of intended usage. 
The 11 groups w'ere assembled into three categories, namely, bread, 
pastry, and cracker and biscuit. Protein, ash content, mixing re¬ 
quirements, absorptions, and mixogram areas and farinogram valorim¬ 
eter readings were employed to study the relationship between curve 
patterns and intended uses. 

Bread flours were characterized by higher protein, higher absorp¬ 
tion, longer mixing requirement, and larger mixogram area and farino¬ 
gram valorimeter readings than the pastry and cracker and biscuit 
flours. The mixograms of the bread flours had greater height and 
band wddth than those made from pastry or cracker and biscuit flours. 
Cracker and biscuit flours produced curves very'- similar to the pastry 
flours and had slightly' larger area and valorimeter reading than the 
pastry flours. 

In the bread flours small differences existed between the hearth, 
bakery, topping, and family groups. In general, as much variation 
was observed within each group as between the various groups. The 
hearth group had the highest protein and ash content, longest mixing 
requirement, highest absorption, and largest mixogram area and val¬ 
orimeter readings. In these characteristics the hearth group was fol¬ 
lowed in descending order by bakery’^, topping, and family flours. 

Pastry flours showed little difference, if any, in curve patterns 
between pastry-, medium quality cake, fancy quality cake, and spe¬ 
cialty pie crust and doughnut flour groups. 

Cracker sponge and cracker dough flours produced patterns that 



July. i<)4b JOHNSON, SHELLENBERGER, AND SWANSON 


399 


were but slightly different from the biscuit flours, although variation 
in each group was large. Biscuit flours had shorter mixing require¬ 
ments, lower absorption, and smaller valorimeter readings than the 
cracker flours. Little difference was discernible between cracker 
dough and cracker sponge flours. 

Farinograms and mixograms showed a wide range in characteristics 
within groups as well as between groups. Flours used for the same 
purpose may have widely different mixing characteristics. It is 
likely that flours used for the same purpose are satisfactory only if 
the baker gives each flour different treatment. 

Protein content appeared to be one of the most important factors 
in determining the farinogram and mixograin patterns. Because 
protein content is mainly responsible for strength in flours and, since 
mixogram area and valorimeter readings arc correlated with protein 
content, these curve measurements serve to aid in flour classification 
when fine distinctions between groups or types are not required. 
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EXTENSOGRAPH STUDIES OF COMMERCIAL FLOURS AND 
THEIR RELATION TO CERTAIN OTHER 
PHYSICAL DOUGH TESTS ‘ 

John A. John'son, J. A. SHLJLLiiNBERGbR, and C. O. Swanson 

Department of Milling Indubtij, Agiicultuial Expeiiment Station, 
Manhattan, Kansas 

(Rccened for publication, December 31, 1945, piesented at the Annual Meeting, May 1946) 

Interesting relationships between physical dough mixing proper¬ 
ties and other quality factors have been disclosed by numerous in¬ 
vestigators. However, it is generally believed that testing of doughs 
under continuous mixing fails to give a complete insight into the effects 
of such factors as fermentation, mechanical or chemical treatment, 
on extensibility and related ph3'sical dough properties. 

Bailey (1940) has presented a comprehensive survey of various 
physical dough tests, including those made after rest periods.^ Munz 
and Brabender (1940) gave a description of the extensograph, an in¬ 
strument designed to test extensibility and resistance to extension 
after various periods of rest. They indicate that a study of the rate, 
direction, and magnitude of change in extensibility and resistance to 
extension after a time of rest would be a valuable aid in classifying 
flours for specific uses. 

The same authors (Munz and Brabender, 1941) concluded that a 
combination of farinogram and extensogram data serves to classify 
soft wheat flours as to their adaptability for specific uses. Soft wheat 
flours gave extensograms of small area, while the hard wheat flours 
gave curves of large area and exhibited greater response to rest periods. 
Pastry and cooky flours exhibited little changes in any extensogram 
dimension with increasing rest time. Fancy cake flour doughs 
possessed small extensibility and relatively large resistance to exten¬ 
sion as indicated by a large FjE ratio. Cracker flour doughs were 
characterized by larger extensogram dimensions than the pastry, 
cooky, or cake flour doughs. 

Munz and Brabender (1940a and 1941) also demonstrated positive 
relationships between extensogram dimensions, protein content, and 
various farinogram measurements. Aitken, Fisher, and Anderson 
(1944) corroborated the evidence of Munz and Brabender (1941). 
Significant positive relationships between extensogram length, height, 
and protein content were found. Farinogram development time was 
positively correlated with extensogram height. 

1 Contiibution No. 126, Department of Milling Industry, 
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The purpose of this investigation was to make a detailed study of 
the value of extcnsograms for classifying flours for specific uses. Since 
data from farinograms and mixograms for the same groups of flours 
were available, the relationships between extensogram, farinogram, and 
mixogram characteristics were studied. 

Materials and Methods 

One hundred and thirty flours obtained from flour mills and 
bakeries located in various parts of the United States and Canada were 
used. The following groups and number of flours were obtained: 
hearth, 13; bakery, 20; topping, 11; family, 19; pastry'-, 13; medium 
quality cake, 13; fancy cake, 15; specialty, 8; cracker dough, 6; cracker 
sponge, 6; and biscuit, 6. A further description of these samples is 
given by Johnson, Shellenberger, and Swanson (1946). 

Extensograms were made according to the instructions supplied 
by the Brabender Corporation for the use of their instrument. All 
doughs were mixed in the large farinograph bowl, freed of oxides, to a 
500 unit consistency. Flour (300 g, 14% moisture basis), water, 
and 2% salt were mixed for one minute, followed with a 5 minute rest 
period and then mixed to the point of minimum mobility. The dough 
was then scaled to 150 g, rounded up by 20 revolutions of the rounder, 
molded and placed in the thermostat of the extensograph at 30°C for 
45 minutes, and an extensogram made. Repeat tests on the same 
dough piece were made at 45 minute intervals. For purposes of pre¬ 
sentation and discussion, however, only the extensograms made after 
45, 135, and 225 minute rest periods were chosen. The extensibility 
or length (E) was expressed in number of centimeters that the dough 
was stretched before rupturing. Resistance to extension or height 
(H) was measured in chart units and represents the maximum force 
applied to the dough before rupturing. The area was measured with a 
planimcter and expressed in square centimeters. 

The choice of extensograms to represent the various flour groups 
was made on the basis of maximal, minimal, and “typical mean” 
values of the curve area. The figures for extensibility and resistance 
to extension are the values that correspond to the curve chosen on 
basis of area and may not necessarily correspond to the actual ex¬ 
tremes and means of extensibility and resistance to extension. In 
addition to the curves chosen to represent the flours, the means, stand¬ 
ard deviations, and coefficients of variability were calculated from data 
representing all the flours within given groups. The “typical mean” 
may not agree exactly with the statistical mean since the former was 
chosen on the basis of the curve area that approximated the statistical 
mean. 
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The farinogram and niixograin data employed to study the rela¬ 
tionship of the extensogram characteristics to those of the farinograms 
and mixograms were, in part, obtained from a previous study reported 
by Johnson, Shellenberger, and Swanson (1946). In addition to the 
farinogram and mixogram characteristics discussed by these authors, 
mixogram heights and protein contents were included in the present 
study. The maximum value of extensibility, resistance to extension, 
and area of the extensograms for each flour were correlated with the 
farinogram, mixogram, and protein content data. The maximum 
values representing extensibility, resistance to extension, and extenso¬ 
gram area were taken from the extensograms after various rest periods, 
and thus no uniform rest period is indicated for all extensogram proper¬ 
ties nor for the different flours. 

Results and Discussion 

Extensograms of Flours Intended for Specific Use, Extensograms 
for flours which gave minimal, average, and maximal curve areas within 
each flour group are presented in Figure 1. The data for these par¬ 
ticular flours are given in Tables T, 11, and III, together with the means, 
standard deviations, and coefficients of variability computed from the 
results for all flours within each group. The data for the 11 flour 
groups were assembled into three main categories or types: (1) bread 
flours, (2) cracker and biscuit flours, and (3) pastry flours. 

No sharp line of demarcation may be drawn between the three main 
types of flours (Figure 1). The extensograms which exhibited maximal 
areas among the cracker and biscuit flours (curves O, R, and U), are 
not greatly different from the mean curves E, H, and K for the bread 
flours. Likewise, the curves of minimum area for the bread flours 
(curves D, G, and J) arc not greatly different from the mean curves 
(N and Q) for the cracker and biscuit types or the maximal curves 
(X and Gg) of the pastry flours. However, certain numerical average 
differences between the three types may be observed. The bread 
flours (Tabic I), on the average, contained more protein and produced 
doughs of greater extensibility, greater resistance to extension and 
greater extensogram area than either the cracker and biscuit or pastry 
flour doughs. The cracker and biscuit types (Table II) on the average 
possessed as much protein as the pastry type flours (Table III). How¬ 
ever, the cracker and biscuit doughs exhibited slightly greater extensi¬ 
bility, greater resistance to extension, and greater extensogram area 
than did the pastry flour doughs. The bread flour doughs e3^hibited 
greater response to rest periods than did the other two types. The 
low extremes illustrated by curves M, P, S, V, and Ee exhibited little 
response to rest periods compared to most other curves, for example 
A, B, C, or I. 
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The various groups of bread flours (Figure I, Table 1) tended to 
have different extensogram properties although no distinct dividing 
line existed between groups. The mean values for protein and extenso¬ 
gram height and area tended to be highest for the hearth flours, being 
followed in order by bakery, topping, and family flours. The higher 
extremes (curves F and I) of bakery and topping flours have proper¬ 
ties that are similar to the means for the hearth group. The coeffi- 

TABLE I 


Summary of Protein and Extensogram Data for Bread Flours 





Height 

Area 




45 

mm. 

135 

mm. 

225 

min. 

45 

min. 

135 

mm. 

225 

min. 


% 

cm 

cm 

cm 

wills 

units 

umts 

cm^ 

cm^ 

CWl* 



HEARTH 

BREAD 

FLOURS —13 SAMPLES 




Minimum^ 

11.0 

20 

15 

15 

310 

470 

480 

99 

105 

108 

Mean 

13.3 

26 

19 

14 

320 

560 

720 

113 

127 

118 

Maximum 

14.6 

27 

18 

17 

345 

660 

660 

125 

159 

131 

Mean® 

13.7 

24 

16 

15 

384 

601 

649 

124 

123 

119 

Std. Dev. 

.80 

3.7 

3.0 

3.5 

90.9 

93.8 

74.2 

13.9 

22.3 

26.1 

C.V.* 

.06 

.16 

.19 

.23 

.24 

.16 

.11 

.11 

.18 

.22 


BAKERY flours—^20 SAMPLES 


Minimum 

10.5 

26 

15 

14 

235 

380 


62 

71 

80 

Mean 

12.4 

26 

20 

17 


440 

SIS 

94 

114 

106 

Maximum 

12.6 

27 

23 

28 

460 

640 


134 

134 

114 

Mean 

11.9 

23 

18 

15 

361 

563 

615 

102 

114 

106 

Std. Dev. 

.94 

2.9 

4.9 

4.1 

68.0 

102.2 

108.9 

18.5 

25.9 

15.7 

C.V. 

.08 

.12 

i 

.27 

.27 

.19 

.17 

.18 

.18 

.23 

.15 


topping or douching flours —11 SAMPLES 


Minimum 

10.7 

24 

21 

20 

108 

365 

315 


98 

80 

Mean 

10.6 

26 

18 

18 

260 

450 

380 

85 

106 

89 

Maximum 

13.8 

25 

18 

13 

425 

622 

752 

138 

137 

122 

Mean 

11.4 

23 

17 

15 

299 

517 

515 

89 

104 

94 

Std. Dev. 

1.07 

2,4 

2.0 

2.4 

95.3 

115.8 

123.1 

25.5 


17.8 

C.V. 

.09 

.11 

.12 

.16 

.32 

.22 

.24 

.29 

.13 

.19 


FAMILY FLOURS^ —19 SAMPLES 


Minimum 

10.1 

19 

15 

15 

210 

415 

450 

56 

75 

77 

Mean 

9.8 

21 

19 

14 

iliH 

445 ! 

500 

87 

108 

88 

Maximum 

10.9 

23 

15 

14 

490 

64S 

590 

146 

121 

90 

Mean 

11.1 

21 

16 

15 

315 


518 

89 

106 ‘ 

93 

Std. Dev. 

1.33 

2.3 

2.2 

2.7 

71.9 

111.2 

118.8 

21.9 

21.3 

19.8 

C.V. 

.12 

.11 

.14 

.18 

.23 

.22 

,23 

.25 

.20 

.21 


1 Minimum, mean, and maximum refer to extensograms in Figure 1 for each group. 
* Statistical mean for each group. 

' Coefficient of variability tor each group. 
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TABLE II 

Summary of Protein and Extensogram Data for Cracker and 
Biscuit Flours 



Pro¬ 

tein 

Length 

Height 

Area 

45 

mm. 

13S 

min. 

22.S 

min. 




45 

min. 

135 

mm. 

225 

min. 


% 

cm 

cm 

cm 

untis 

units 

units 

fW- 

cm- 

cm- 



CRACKER SPONGE 

FLOUR- 

—6 SAMPLES 




Minimum^ 

10.7 

24 

21 



180 


41 

52 

54 

Mean 

9.4 

22 

18 

16 

170 

270 


55 

63 

73 

Maximum 

10.6 

21 

14 

13 




78 


98 


9.7 

24 

17 

18 

158 

250 


56 

69 

72 

Std. Dev. 

l.ll 

1.4 

3.2 

3.7 

47.8 

127.1 

120.5 

12.3 

4.4 

13.8 

C.V.5 

.11 

.06 

.19 

.21 

.30 

.51 

.43 

.22 

.06 

.19 



CRACKER 

DOUGH 

FLOUR- 

—6 S.VMPLES 




Minimum 

9.0 

21 

21 

18 


ISO 


30 

44 

48 

Mean 

9.9 

19 

13 

13 

125 

320 



58 

57 

Maximum 

9.9 

24 

16 

17 

Kin 

360 

330 

68 

73 

68 

Mean 

9.0 

20 

17 

16 

159 

228 

258 

49 

52 

52 

Std. Dev. 

.93 

4.8 

3.8 

2.9 

86.2 

106.2 

91.8 

19.2 

13.9 

10.4 

CV. 

.10 

.24 

.22 

.18 

.54 

.47 

.36 

.39 

.27 

.20 


BISCUIT FLOUR—6 SAMPLES 


Minimum 

7.1 

17 

15 

13 

90 

90 


24 

20 

18 

Mean 

7.0 

15 

15 

14 

140 

220 

240 

32 

47 

45 

Maximum 

9,4 

19 

16 

15 

310 

520 

590 

79 

98 

99 

Mean 

8.0 

16 

16 

15 

251 

283 

324 

44 

54 

66 

Std. Dev. 

1.08 

3.3 

2.3 

1.5 

284 

221 

BOO 

28.5 

30.0 

45.4 

C.V. 

.14 

.21 

.15 

.10 

1.13 

00 

.71 

.65 

.55 

.69 


1 Minimum, mean, and maximum refer to extensograms in Figure I tor each group. 
3 Statistical mean for each group. 

3 Coe£Sicient of variability for each group. 


dent of variability (Tabic I) for extensibility increased as the length 
of the curves decreased. This may be caused b}" the fact that the 
differences in the flours within a group tended to be accentuated as the 
rest periods became longer. Most flours in each group tended to 
produce curves with maximum area at 135 minutes of rest, while with 
each successive 45 minute rest period, the dough became less extensible 
and required greater force to be extended. 

The cracker dough and sponge flours (Figure 1, Table II) produced 
doughs with about the same extensibility, but the cracker sponge 
doughs tended to show more response to 225 minutes of rest than did 
the cracker dough flour. The biscuit flours produced extensograms 
of less length and of smaller area than the cracker sponge and dough 
flours. The low extremes (curves M, P, and S, Figure 1) exhibited 
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little response to rest periods compared to the high extremes (curves 
O, R, and U). These results appear to corroborate the conclusions of 
Rlunz and Brabender (1941). 

The general pastry flour group (Figure 1, Table 111) appears to 
have characteristics diflFerent from those of the cake or specialty flour 
groups. The general pastry flour doughs are characterized by greater 


TABLE III 

SUMM.\R\ OF PROIEIN AND ExTENSOGRAM DaTA FOR PASTRY, 

Cake Flours, and Specialty Flours 



Pro¬ 

tein 

Length 

Height 

Area 

45 

min 

135 

min 

225 

mm 

45 

min. 

135 

mill 

225 

min 

45 

Him 

135 

min. 

225 

min 


% 

cm 

cm 

cm 

units 

units 

units 

cm*- 

cm^ 

cm^ 


GENERAL PASTRY FLOUR—13 SAMPLES 


Minimum^ 

7.1 

17 

15 

11 


170 

210 

24 

37 

31 

Mean 

9.8 

21 

15 

16 

170 

300 


55 

65 

65 

Maximum 

12.6 

25 

19 

19 


300 


69 

77 

79 


9.3 


14 

14 

214 

337 

352 


58 

60 

Std. Dev. 

1.33 

4.2 

4.1 

3.8 

85.3 

103.7 

81.5 

13.4 

13.3 

15.0 

C.V.* 

.14 

.24 

.29 

.28 


.31 

.23 

.27 

.23 

.25 


MEDIUM QUALITY CAKE FLOUR —13 SAMPLES 


Minimum 

8.5 

12 

11 

9 

340 

430 

440 

56 

57 

48 

Mean 

8.6 

IS 

12 

11 




59 

69 

63 

Maximum 


16 

11 

12 

390 

750 


90 

101 

94 

Mean 

8.8 

14 

11 

10 

339 

517 

502 

67 

69 

61 

Std. Dev. 

.62 

mMm 

1.3 

1.4 

66.1 

114.4 

78.8 

13.6 

19.5 

16.3 

C.V. 

.07 

.14 

.12 

.14 

.20 

.22 

.16 

.20 

.28 

.27 


FANCY CAKE FLOUR^ —IS SAMPLES 


Minimum 

7.8 

16 

11 

11 

160 

300 

280 

35 

42 

42 

Mean 

8.4 

11 

10 

8 

425 

480 

320 

59 

56 

31 

Maximum 

8.9 

11 

9 

9 

590 

520 

500 

80 

56 

57 

Mean 

8.6 

13 

10 

10 

569 

450 

391 

60 

52 

47 

Std. Dev. 

.99 

i.7 

1.6 

1.3 

112.9 

111.2 

72.2 

13.5 

12.1 

93.2 

C.V. 

.12 

.13 

.17 

.13 

.20 

.25 

.18 

.22 

.23 

.20 


SPECIALTY FLOURS—8 SAMPLES 


Minimum 

9.2 

23 

20 

19 

100 

100 

70 

23 

28 

24 

Mean 

8.9 

21 

19 

16 

no 

170 


33 

48 

47 

Maximum 

9.8 

21 

15 

14 

260 

460 

K iii^l 

77 

90 

89 

Mean 

9.6 

20 

17 

16 

138 

194 

213 

40 

47 

44 

Std. Dev. 

2.40 

2.6 

2.6 

2.0 

62.2 

125.0 

141.4 

20 

22.8 

22 

C.V. 

.25 

.13 

.15 

.13 

.45 

.64 

.66 

.50 

.49 

.50 


1 Minimum, mean, and maximum refer to extensograms in Figure 1 for each group. 
* Statistical mean for each group. 

»Coefficient of vartabiUty for each group. 














































The relationship of dough exten^bility, resistance to eictensioti, and extensogram area to protein content, farinogram mixing 
tiim, valorimcter value, mlxogram area, and height. The correlation coefficient is included for each relationship. 
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e\tonsibilit}’ and less resistance to extension than the cake flour doughs. 
The latter exhibit small extensibility in comparison to the resistance to 
extension. The specialty flour doughs had relatively large extensi¬ 
bility compared to the small resistance to extension. All four groups 
exhibited wide ranges in all three extensogram properties. 

Correlation of Extensogram Properties with Protein Content^ Farino- 
graniy and Mixogram Properties, The relationship of dough extensi¬ 
bility, resistance to extension, and extensogram area to protein content, 
farinogram mixing time, valorimeter value, mixogram area, and 
height for the 130 samples are shown by scatter diagrams and regres¬ 
sion lines in Figure 2. Also, included in the diagrams are the correla¬ 
tion coefficients for each relationship studied. 

All the variables studied w ere positively correlated but the correla¬ 
tions are not of sufficient magnitude to have practical significance for 
purposes of prediction. Farinogram valorimeter value and mixogram 
area, which comprise strength ratings obtained with the two mixing 
devices, respectively, are associated with extensibility and resistance 
to extension. Furthermore, extensibility and resistance to extension 
are positively correlated with protein content, which is generally 
associated with the strength of a flour for breadmaking purposes. 
Since area of the extensogram is a function of both extensibility and 
resistance to extension it is to be expected that the area should be 
related to the same factors with which extensibility and resistance to 
extension are correlated. Such proves to be the case as shown by 
Figure 2. The magnitudes of the correlations between extensogram 
area and protein content, farinogram and mixogram characteristics, 
respectively, are slightly greater than those for the single extensogram 
factors. 

Summary 

Extensograms were made from 130 commercial flours that had been 
classified into 11 groups on the basis of intended use. The data for the 
various groups were assembled under three main categories, namely: 
bread flours, cracker and biscuit flours, and pastry flours. Measure¬ 
ments of extensibility, resistance to extension, and total area were 
made from the curves obtained after rest periods of 45, 135, and 225 
minutes. 

No sharp line of demarcation existed betw^cen the three types; 
since each contained flours exhibiting minimal and maximal curve 
characteristics which tended to merge into those of other groups. 

Extensogram data representing bread type flours including hearth, 
bakery, topping, and family groups showed greater extensibility, 
greater resistance to extension, and larger curve area than did those 
from the biscuit and cracker or pastry flours. Bread flour doughs also 
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showed greater response to rest periods than did the other types. 
The biscuit and cracker group tended to have extensogram properties 
intermediate in magnitude to the bread and pastry flours. The 
pastry flours produced extensograms of smallest area. 

Protein content, extensogram height, and area tended to average 
highest for the hearth group being followed in order by bakery, top¬ 
ping, and family flours. 

Cracker dough and cracker sponge flours exhibited doughs with 
about equal extensibility but the cracker sponge doughs had greater 
resistance to extension and larger extensogram area. The extenso- 
graph data for the biscuit flours were extremely variable. 

Extensograms for the general pastry and specialty flours were much 
alike. The extensibility of the dough for these two groups was greater 
than for the cake flours, while the resistance to extension was less. 
The fancy cake flour doughs possessed the greatest resistance to ex¬ 
tension with 45 minutes of rest, while the medium quality cake flour 
produced doughs that reached their maximum resistance at 135 
minutes of rest. 

Extensibility, resistance to extension, and extensogram area were 
each positively correlated with protein content, farinogram mixing 
time, valorimeter value, mixogram area, and height. Extensogram 
properties were more highly correlated with protein content than with 
farinogram or mixogram properties. The correlations between ex¬ 
tensogram area and protein content, farinogram, and mixogram char¬ 
acteristics were greater than the correlations between the same mixing 
factors and the extensibility and the resistance to extension. 
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AMYLOGRAPH CURVE CHARACTERISTICS OF VARIOUS 
TYPES OF COMMERCIAL FLOURS AND THEIR 
RELATION TO FLOUR MALTOSE AND 
GASSING POWER VALUES» 

John A Johnson, J. A. SHELLENBERcrR, and C. O. Sw’\nson 

Department oi Milling Industry, Kansas Agricultural E\periment Station, 
Manhattan, Kansas 

(Recti\ed for publication December 31, 1945, prebented at the Xnnual Meeting Ma\ 1946) 

Caesar (1932) developed a continuous recording consistometer to 
measure the changes in consistency of starch dispersions over the en¬ 
tire period of heat gelatinization. Several modifications of this 
instrument have been developed and used for special studies of the 
pasting characteristics of starches. Brabender (1937) developed the 
amylograph which is an improved instrument operating on the same 
general principle as Caesar^s viscosimeter. A full discussion of the 
working principles of the amylograph is given by Muller (1939). 
Recently Anker and Geddes (1944) and Brown and Harrel (1944) have 
thoroughly discussed the operation as well as the theoretical and 
practical applications of the amylograph to cereal chemical studies. 

As pointed out by Anker and Geddes (1944), amylograph curves 
obtained with wheat flour dispersions represent the result of a number 
of interacting forces at work as the starch is gelatinized by heat and 
subjected to amylase action. The peak viscosity of flour pastes 
depends on several variables such as starch content, particle size, 
inherent starch characteristics, extent of mechanical injury of the 
starch, pH, amylase activity, and the rupture of the swollen granules. 
According to Katz and Hanson (1934), wheat starch swells at 50®C; 
gelatinization begins at 65°C and is complete at 67.S®C. Amylase 
action is slight until the gelation point is reached; as the temperature 
rises above this point, the increase in viscosity due to gelatinization of 
the starch is opposed by the liquefying action of the amylase and by 
granule disintegration which results from the internal shearing stress. 
As more and more of the starch granules become gelatinized and the 
amylases are heat inactivated, a maximum viscosity is approached at 
temperatures of 70® to 80®C. The subsequent decline in viscosity is 
attributed principally to granule disintegration as a result of the in¬ 
ternal shearing stress (which becomes pronounced with the increased 
hydration and closer packing of the granules). 

The purpose of this study was to investigate the amylograph curves 
obtained from a series of widely var 3 dng commercial flours manufac- 
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tured for specific uses. \n <ittcmpt was made to relate the chaiacteris- 
tics of the amylograph curve to the specific uses for which the flours 
were manufactured and also to interpret the curve characteristics in 
relation to flour maltose value (diastatic activity) and gassing power. 

Materials and Methods 

One hundred and thirty flours were obtained from various sources. 
These flours were classified according to the purpose for which they 
were used commercially. Eleven different groups were formed 
which included the following flour types: hearth, bakery, topping, 
family, general pastry, average quality cake, fancy cake, specialty soft 
wheat, cracker dough, cracker sponge, and biscuit flours. A more 
complete description of these samples has been given by Johnson, 
Shellenberger, and Swanson (1946). 

Diastatic activity and gas production values of the flours were 
determined by the methods described in Cereal Laboratory Methods 
(4th cd., 1941). Amylograph curves were obtained for the entire 
series of samples. 

Operation of the Amylograph, A smooth Hour-water slurry was 
formed by beating and shaking 65 g of hard wheat flour or 55 g of soft 
wheat flour with 450 ml of distilled water at 30®C. A decrease in the 
amount of soft wheat flour was necessary because the larger percentage 
of starch in soft wheat would cause the curve peaks of the amylograms 
to go above the chart paper. 

The suspension was poured into the amylograph bowl, the kymo¬ 
graph adjusted to a zero time position, the contact thermometer 
adjusted to start heating at 30°C, and the instrument started. The 
temperature of the suspension was increased at a constant rate of 
approximately 1.5®C per minute for a total of 40 minutes. After 40 
minutes a temperature of 90° C was reached and the amylograph was 
stopped. 

Results and Discussion 

The highest and lowest amylograph curves within each group for 
six of the 11 flour types are shown in Figure 1. Similar results were 
obtained for tlie five groups not shown. The dotted line indicates the 
mean value for all curves within each group. 

The curves show large differences in height within the same flour 
group as well as between groups, and also pronounced differences in the 
number of minutes required to reach the curve peak. The period of 
time required before the curves began to rise was uniform within each 
group. Because of the differences in flour concentration between the 
bread and pastry groups, there is a difference in the number of minutes 
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required for gelation to stai't. Any change in the ratio of flour to 
water will alter the gelation rate and also the curve height. 

The amylograph curves used in this study as already stated were 
obtained from unbuffered water-flour pastes. In some laboratories 
the pastes are always buffered, but the desirability of buffering may be 
questioned, especially if the amylograph curves are to be interpreted 
in terms of starch conversion during the baking of bread. Mangels 




Fig. 1. Highestt lowest, and mean amylograph curves for six types of flours. 


and Martin (1935) have shown that buffers will influence the diastatic 
activity differently depending upon whether the same starch type is 
cooked or raw. Also, the various buffer types, even at the same hy¬ 
drogen-ion activity, influence the reaction rate of the amylases. Anker 
and Geddes (1944) studied the effects of two buffer systems on wheat 
starch over a pH range from 5.2 to 6.7 and observed that the amy¬ 
lograph curve heights were different. Moreover, the amylases are 
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known to have different optimum pH values at different temperatures. 
These considerations complicate the matter of selecting suitable buffer 
solutions and the proper pH value. Since the change in viscosity 
recorded by the amylograph is registered only after the starch begins 
to gel, the pH selected and the buffer adopted should be the ones most 
effective for the conditions under which the tests are performed. The 
relationship between amylograph readings and the changes in starch 
consistency and gas production during the process of baking may be 
lessened rather than strengthened by the buffering of the amylograph 
suspensions, since buffers are not added to doughs. 

In order to compare the effect of buffering on curve characteristics, 
a diabasic sodium phosphate-citric acid buffer at a pH of 5.35 was used. 
It was found that the buffered and unbuffered curves were similar in 
shape and apparently differed only in height. 

Figure 2 shows the relationships between (1) diastatic activity 
(maltose units — mg/10 g) and gassing power (M.M. mercury pres¬ 
sure at five hours); (2) diastatic activity and amylograph curve height 
(Brabender units); and (3) gassing power and amylograph curve 
height. 



POWER (MM) 

Fig. 2. Relationship between diastatic activity and gassing power, diastatic activity and amylograph 
curve height, and gassing power and amylograph curve height. 


414 


AMVLOGRAPHS OF COMMERCIAL FLOURS 


Vol. 


Only the bakery, family, and cracker sponge groups are included 
in the comparisons since these groups comprise a wide range of flour 
type. Amylase activity and gassing power are of only minor im¬ 
portance in soft wheat flour. 

The relationships between diastatic activity, gassing power, and 
height of the amylograph curve, as shown in Figure 2, include 45 
samples of bakery, family, and cracker sponge type flours. The 
correlation coefficient for diastatic activity and amylograph curve 
height was —0.693, for gassing power and amylograph height —0.833, 
and for diastatic activity and gassing power 0.917. 

The relationships among the three measures of amylase activity arc 
interesting. Diastatic activity and gassing power values are obtained 
from raw starch substrates, one buffered and the other not, while the 
amylograph readings are made on gelatinized starch at temperatures 
favoring alpha-amylase activity. The gassing power values involve 
the use of yeast. Considering the different conditions involved in the 
measurements, the agreement among the methods is remarkably good. 

The variations in the diastatic activity and gassing power values of 
flours used for the same purpose are well known. The moderate degree 
of association between these values and the amylograph curve height is 
indicative that the curves vary considerably within each flour type. 
The curves did not show any more uniformity within a particular 
group such as, for example, baker^s flour than between flours of en¬ 
tirely different type such as cracker dough and family flour. 

Amylographs are being used to some extent by the cereal industry 
on the theory that the curves give an insight into the changes which 
starch undergoes within the dough during the baking process. Re¬ 
search to determine more clearly the relationship between the amy¬ 
lograph curves and the changes which doughs undergo during baking 
is needed. 

Another consideration to which thought should be given is the 
effect of different enzyme types on gelatinized starch during baking. 
For example, if other amylases than those of malted wheat or barley 
should be used, the present relationships among the diastatic activity 
values, gassing power values, and amylograph curves may be altered. 
Differences in the thermolabilities of amylases from various sources 
would produce changes in the extent of enzymatic action during baking 
and be reflected in the amylograph curves. 

Summary 

Amylograph curves were obtained for 130 samples of commercial 
flour representing various flour types such as bakery, family, cracker, 
and cake. 
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Various lyp(‘s of flour did uot give rhararfcristic aniylognini curves. 
Normal curve heights were found to vary nearly as much within a 
particular flour group as between different flour types. 

Amylograph curve heights were negatively correlated with diastatic 
activity (r = — 0.693) and with flour gassing power (r = — 0.833). 
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WATER RETENTION CAPACITY AS AN INDEX OF THE LOAF 
VOLUME POTENTIALITIES AND PROTEIN QUALITY 
OF HARD RED WINTER WHEATS » 

Karl F. Finney and William T. Yamazaki - 

(Recei\ed tor publication October 4, 1Q4S) 

A simple and rapid method for estimating the protein quality of 
hard wheats is urgently needed, especially so in the early phases of the 
breeding program where only small samples of grain are available. 
Such a test has been developed in this laboratory. It consists essen¬ 
tially of a determination of the amount of water held by a flour against 
centrifugal force applied to a water suspension to which lactic acid has 
been added. The amount of water so held is referred to herein as the 
water retention capacity. This paper describes the test and presents 
data obtained in its application to hard winter wheats. 

Development and Theory of the Test 

Viscosity as a measure of the imbibitional capacity of flour has been 
advanced by Sharp and Gortner (1923) as an index of flour strength 
and is extensively used in evaluating soft winter wheats. It has not 
been applied successfully, however, to varieties of hard wheat. The 
senior author has determined the viscosity at several protein levels for 
each of six varieties of hard red winter wheat—Kharkof, Blackhull, 
Tenmarq, Pawnee, Comanche, and Chiefkan.^ The relation between 
viscosity and protein content for three of these varieties is shown in 
Figure lA. It appears from these data that viscosity is a linear func¬ 
tion of the quantity of protein within a variety and that the regression 
of viscosity on protein content is different for each variety. However, 
viscosity docs not properly evaluate the three varieties since, on the 
basis of loaf volume-protein relations, Kharkof and Tenmarq have 
approximately equal protein quality and both are far superior to 
Chiefkan; whereas, on the basis of the viscosity-protein relations, 
Tenmarq is definitely inferior to Kharkof and nearly as poor as 
Chiefkan. 

The fact that viscosity does not increase with protein content in 
the same manner and to the same degree as does loaf volume appears 
to be due to some physical property of the protein such as the ease 
with which it is hydrated. It was thought that by taking viscosity 
and some function of rate of hydration, such as mixing time, into ac- 

1 Cooperative investigations between the Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, U. S. Department 
of Agriculture, and Department of A^nomy, Ohio Agricultural Exiperiment Station. 

> Associate Chemist and Junior Chemist, respectively. Division of Cereal Crops and Diseases at 
the Federal Soft Wheat Laboratory, Wooster, Ohio. 

Paiier presented at the A.A.C.C. tri-section meeting, Manhattan, Kansas, 1941. 
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count a better measure of protein quality" might be derived. Accord¬ 
ingly, after preliminary trials, viscosity was multiplied by the square 
root of the mixing requirement of each variety sample as determined 
by the mixograph. The relation between protein content and vis¬ 
cosity corrected in this manner is shown in Figure IB. It will be 



Fig. 1. Relation between protein content and viscosity (above), and viscosity corrected by a hydration 
factor (below; for Buhler-milled flours of Kharkof. Tenmarq. and Chiefkan. 

noted that the regression lines for Kharkof and Tenmarq are now 
similar, indicating about equal quality, and that both arc far above 
Chiefkan. 

Further consideration suggested that the hydration factor possibly 
was indirectly measuring some physical property such as the tenacity 
with which the protein holds water in acid media and/or its relative 
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impermeability under certain conditions of acidity and pressure. It 
seemed reasonable to expect that an easily hydrated protein meshwork 
might hold its water of hydration less firmly or might be more perme¬ 
able than one which is hydrated with more difficulty. There appeared 
to be a logical analogy between this concept of the capacity of flour 
proteins to imbibe and to hold water against pressure and certain facts 
known about gas production and retention in the baking process. 
For example, in a study with 36 hard winter flours varying in protein 
content from 9 to 18% for each of six varieties of varying protein qual¬ 
ity, proof height in a given time was linear and very highly correlated 
with protein content (r = 0.97). However, when gas production and 
expansion were greatl> increased at the elevated temperature of the 
baking oven, enormous differences between varieties in gas-retaining 
ability of the protein were apparent as is indicated by the compara¬ 
tively low correlation coefficient (r = 0.81) for loaf volume and pro¬ 
tein content of the same samples. These correlation coefficients indi¬ 
cate that inherent differences in gas-retaining capacity of flours 
differing in protein quality were not manifested until the protein had 
been sufficiently inflated and expanded by the gas pressure created 
in the baking oven. Accordingly, it was conceived that this pressure 
created in the oven might be paralleled in lactic acid-flour-water 
suspensions by applying centrifugal force to the water-inflated protein 
and thereby obtain a measure of water retention capacity for corre¬ 
lating with gas retention capacity. 

Material and Methods 

The wheat used in this study consisted of representative samples of 
varieties of hard red winter wheat grown at various locations in the 
Great Plains area as a part of the coordinated wheat improvement 
program carried out by the U. S. Department of Agriculture in co¬ 
operation with the state agricultural experiment stations. A study 
was first made of 51 samples of flour milled on the Buhler experimental 
mill and later of flour produced by grinding wheat in a Hobart Coffee 
Mill and separating the bran and flour by sifting. The purpose of 
this latter study was to determine to what extent flour from small 
samples such as could be ground in a Coffee Mill would provide 
reliable results. The samples milled on the Buhler mill were from 10 
varieties of varying protein quality, Kharkof, Blackhull, Tcnmarq, 
Cheyenne, Nebred, Pawnee, Comanche, Chiefkan, Red Chief, and 
Wichita, each of which was represented by a low, medium, and high 
protein level for each of the crop years 1941 and 1942, except for the 
last two varieties which were from the 1942 crop only. The Hobart 
flours were milled from the same lots of Chiefkan, Tenmarq, Comanche, 
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and Cheyenne mentioned above and from three additional lots of 
Chiefkan and one of each of the other three varieties from the 1943 
crop. Thus, 23 of the 29 Hobart flours were from the same samples 
of wheat milled on the Buhler. 

The Buhler mill was operated as described by McCluggagc, Ander¬ 
son, and Larmour (1939). Previous to milling on the Hobart grinder, 
each 75.0 g wheat sample was passed through the rolls of the Tag- 
Heppenstall moisture meter. On the basis of the wheat moisture, 
each Tag-broken sample was tempered to 14% moisture for 24 to 48 
hours, after which the Hobart flours were obtained after two grindings 
on the Hobart Coffee Mill and two siftings. The extremely simple 
flow sheet showing wire sieves (meshes per inch) and grinder settings 
(No. I and No. 1— or closed) is shown in Figure 2. The burrs of the 


SAMPLE 

1 

*1 

i 

60 —OUT 

I-100 

CLOSED (*1-) 

\ 

OUT100 

I 

FLOUR 


Fig. 2. Flow sheet for Hobart milling procedure showing wire sieves (meshes per inch) 
and grinder settings (No. 1 and No. 1 — 

grinder touched very faintly at a setting of 1|. The average total 
time required for grinding, sifting, weighing, and labeling products, 
calculating yield, and cleaning out the grinder for the next sample 
averaged 11 to 12 minutes. 

The determination of water retention capacity consisted, essen¬ 
tially, of centrifuging a small sample of flour after soaking in water in a 
test tube to which lactic acid had been added. After centrifuging and 
pouring off the supernatant liquid, water retention capacity was 
determined from the increase in weight and expressed as a percentage 
of the flour. 
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Preliminary" studies showed that the differentiation between varie¬ 
ties increased with the quantity" of water used for the soaking and 
leaching operation previous to adding the lactic acid. In general, 
however, it is impractical in making numerous determinations to use 
test tubes larger than about 100 ml. Accordingly, as large a quantity 
of water was used as was practical with a 100-ml test tube Studies 
in varying the quantity of concentrated lactic acid indicated that the 
ratio of total water to lactic acid should be about 4 to 1 for Hobart 
flours averaging about 0.90% ash. Lower concentrations decreased 
differentiation and higher concentrations produced distorted results. 
With Buhler experimentally milled flours averaging 0.45% ash, how¬ 
ever, a satisfactory ratio of total water to concentrated lactic acid 
was about 67 to 1. The considerably smaller quantity of lactic acid 
used for Buhler compared to Hobart flour indicates the consideration 
which must be given to ash content. Stu<^ics with the time and speed 
of centrifuging indicated that 25 minutes at 1800 rpm was satisfactory 

The details of the procedure used were as follows 5 g of flour was 
weighed into previously tared, rubber-stoppered, 100-ml pyrex test 
tubes. Eight determinations were carried out simultaneously. For ' 
Hobart flour, 60 ml of water was added to each of the eight tubes one 
at a time. Immediately after each addition, the stoppered tube with 
its contents was shaken vigorously for a few seconds to completely wet 
and suspend the flour. After three additional shakings and a rest 
period of 4 minutes for sufficiently complete hydration, the stoppers 
were removed and 20 ml of lactic acid (four parts 85% acid and one 
part water) was added to each. The eight 20 ml portions were added 
simultaneously^ from a unit of eight smaller test tubes. After allowing 
1 minute for draining, each was mixed by gently teetering immediately 
after stoppering. After three more gentle mixings and a rest period of 
4 minutes, each stopper was removed and scraped clean at the tube 
opening. The tubes and contents were then centrifuged for 25 min¬ 
utes at 1800 rpm in an International Centrifuge, size 2, the supernatant 
liquid was gently but quickly decanted off, and the tubes allowed to 
drain into wads of cotton for 5 minutes at an angle of 15° to 20°, 
after which any liquid adhering at the tube' opening was swabbed off 
with the cotton. The tubes were then stoppered and weighed. 

The §ame procedure was followed for Buhler experimentally milled 
flours, except that 80 ml of water and 1.5 ml of lactic acid (four parts 
concentrated and one part water) were used instead of 60 and 20, 
respectively. Forty-eight determinations can be carried out by one 
person during an 8-hour day. 

The Buhler experimentally milled and unbleached flours were 
baked using the rich, highly bromated, milk-containing formula in 
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ronjutiction with optimuni mixing linu* as described by Finney and 
Barmore (1945, 1945a). The standard deviation for the average 
of duplicate determinations made in this laboratory on different days 
is 10 to 13 cc for loaf volume and 0.75 to 1% for water retention 
capacity. 

Experimental Results 

The relation between water retention capacity’ and loaf volume of 
bread was first determined for the 51 Buhler experimentally milled 
flours. The results, with and without lactic acid, are shown graphi¬ 
cally in Figure 3. With no lactic acid, there is obviously no relation 



between the quantity of water retained and loaf volume. With lactic 
acid, however, there is a high positive correlation (r = 0.95) and the 
relation is obviously linear. The standard error of estimate is 55 cc. 
Considering the large amount of differentiation between samples of 
over 700 cc, it appears that water retention capacity of the Buhler- 
milled flours is an excellent index of their loaf volume potentialities. 

There were six Chiefkan and three Red Chief samples in the group 
of 51 Buhler-milled flours. Since the protein quality of these two 
varieties is generally considered to be distinctly’ poorer than any of the 
other eight represented in this study, a pertinent question relates to the 
relative abilities of water retention capacity and protein content to 
predict loaf volume. The correlation of protein content with each of 
the two factors loaf volume and water retention capacity gave co¬ 
efficients of r = 0.89 and r = 0.84, respectively, as compared with 
r = 0.95 for water retention capacity’^ and loaf volume. The partial 
correlation between water retention capacity and loaf volume indc- 
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pendent of protein conUnI gave a roefficitnt of r ~ 0.82, indicating 
that water retention and loaf volume are very highly correlated within 
groups of samples having the same protein content. The correlation 
coefficient of r = 0.95 for water retention capacity and loaf volume is 
only slightly less than the multiple correlation coefficient of i? = 0.965 
whereby^ protein content is taken into account. The standard partial 
regression coefficients of /3 = 0 686 for loaf volume on water retention 
capacity independent of protein content and of /S = 0.314 for loaf 
volume on protein content independent of water retention capacity 
indicate that water retention capacity is more than twice as effective 
in forecasting loaf volume as is protein content. Nevertheless, the 
smaller of the two betas is significant far beyond the 0.1% point. 
Thus, the various statistical calculations indicate that water retention 
capacity is an expression of both the quality and quantity^ of protein. 

Water retention capacities and protein contents for the Hobart- 
milled flours are presented in Table 1, together with protein contents 
and loaf volumes for the 23 Buhler flours. 

It will be noted that the protein contents of the Hobart flours varied 
from 0.7% to 2,2% more than the corresponding Buhler experimentally’ 
milled flours, except for one which was 0.6% less. The Hobart flours 
averaged about 1% higher in protein than the Buhler-milled flours. 
Accordingly the **as received” water retention values were corrected 
with the aid of the data in Table II (presented later for convenience) 
to those values expected for Hobart flours having 1% more protein 
than the corresponding Buhler flours, thereby making the two sets of 
data comparable. The protein-corrected water retention capacities 
are included in Table I (last column) and are plotted against the loaf 
volume for Buhler flours in Figure 4. The correlation coefficient is 
nearly the same (r = 0.94) as was obtained for water retention capacity 
and loaf volume of the Buhler flours, and the regression is likewise 
obviously’ linear. The standard error of estimating loaf volume from 
Hobart flour water retention capacity’ is 60 cc. The number of sam¬ 
ples is too small to permit positive conclusions, but the results indi¬ 
cate that water retention capacity’ of Hobart-milled flour is a useful 
index of loaf volume. 

The partial and multiple correlations involving the data for the 
Hobart flours gave results very similar to those for the Buhler flours, 
and indicated that water retention capacities for Hobart and loaf 
volumes for Buhler milled-floiirs are very highly correlated within 
groups of samples having the same protein content, that water reten¬ 
tion capacity is more than 2 J times as effective in predicting loaf volume 
as is protein content, and that water retention capacity is an expres¬ 
sion of both the quality and quantity^ of protein. 
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TABLE I 

Protein Content and Physico-Chemical Data for Buhler- and Hobart-Milled 
Flours of 29 Hard Red Winter Wheats Grown under Different 
Environments and Representing Three Crop Years and 
Several Protein Levels for Each or Four Wriftifs 
OF Varying Protein Quality 




Buhler flouii 

Hobart flour^ 

\’'auetv and location 

Crop 

jeat 

Protein- 

Loat 

Protein- 

Watei letention cap. 



volume 

As 

rec’d 

Adjusted 
for prot.'* 



% 


% 

% 

^0 

Tenmarq 







N. Platte, Neb. 

1941 

13.8 

1048 

15.2 

154.8 

151.6 

Manhattan, Kans. 

1941 

12.4 

938 

13.5 

162.5 

161.7 

Amarillo, Texas 

1941 

10.0 

768 

10.9 

129.6 

130.4 

Hays, Kans. 

1942 

17.1 

1235 

17.9 

197.0 

198.6 

N. Platte, Neb. 

1942 

15.6 

1123 

15.0 

150.3 

163.1 

Woodward, Okla. 

1942 

10.9 

830 

11.9 

143.2 

143.2 

Manhattan, Kans. 

1943 

— 

— 

11.4 

135.9 

— 

ComancJie 







Woodward, Okla. 

1941 

13.1 

928 

14.1 

148.8 

148.8 

Amarillo, Texas 

1941 

11.1 

820 

12.2 

140.8 

139.8 

Hays, Kans. 

N. Platte, Neb. 

1942 

18.0 

1368 

18.7 

219.8 

222,9 

1942 

14.4 

1045 

16.2 

170.1 

161.9 

Woodward, Okla. 

1942 

11.0 

825 

11.9 

147.6 

148.6 

Manhattan, Kans. 

1943 

— 

— 

13.6 

170.1 

— 

Cheyenne 







Sheridan, Wyo. 

1941 

14.7 

927 

16.1 

166.8 

163.5 

Lincoln, Neb, 

1941 

12.8 

929 

14.0 

147.8 

146.1 

Manhattan, Kans. 

1941 

ll.S 

810 

12.3 

146.0 

147.7 

Amarillo, Texas 

1941 

9.5 

733 

10.4 

125.8 

126.6 

Hays, Kans. 

1942 

16.9 

1120 

18.0 

195.9 

195.1 


1942 

12.9 

948 

15.1 

157.0 

147.0 

Manhattan, Kans. 

1943 

— 

— 

12.6 

142.1 

— 

Chiefkan 







Lawton, Okla. 

1941 

15.3 

921 

16.5 ’ 

148.1 

146.8 

Lincoln, Nel). 

1941 

13.2 

783 

14.2 ! 

135.6 

135.6 

Amarillo, Texas 

1941 

10.6 

655 

11.5 

116.7 

117.3 

Hays, Kans. 

N. Platte, Neb. 

1942 

17.1 

1037 

17.8 

165.8 

167.8 

1942 

12.9 

748 

14.4 

129.4 

126.1 

Woodward, Okla. 

1942 

11.7 

793 

12.6 

132.4 

133.0 

Manhattan, Kans. 

1943 


— 

13.6 

136.7 

— 

Manhattan, Kans. 

1943 

— 

— 

13.2 

129.9 

— 

Manhattan, Kans. 

1943 

— 

— 

13.1 

133.2 

— 


1 The average ash conlents for the Buhler and Hobart milled flours were 0.48% and 0.84%. re¬ 
spectively, 

s 14% moisture basis. 

»The "as received” water retention values were corrected with the aid of the data in Table H to 
those values expected for Hobart flours having 1% more protein than the corresponding Buhler flours. 
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Fig. 4. Relation between Buhler flour loaf volume and Hobart flour water retention capacity for 
23 hard red winter wheats representing two crop yeais and several protein levels for each of four varieties 
of varying protein quality (each water retention capacity has been corrected to a protein content 1 % 
greater than that of the correspondmg Buhler<miUcd flour by means of Table 11). 


In the practical application of the water retention capacity test, 
however, it must be considered in relation to the effect of variety and 
protein content. Accordingly, the “as received” water retention 
values and protein contents for the Hobart flours are plotted in Figure 5 
for each of the four varieties (Table I). Pertinent statistical data are 
given in Table II. These data indicate that water retention capacity 
is a linear function of protein content within a variety. 

For convenience in making comparisons, the regression lines of 
Figure 5 are repeated in Figure 6. These regression lines and their 
slopes (Table II) suggest a family of lines which tend to fan out from 
a common origin such that at a given protein content the slopes for the 

TABLE 11 

Correlation Coefficients and Regression Equations for Water Rptention' 
Capacity and Protein Content op the Hobart Flours 
Representing Four Hard Winter Wheat Varieties 
(X - Protein Content) 


Variety 

Correlation 
coefifldent r 

Regression 

equation 

Comanche 

0.91 

10.30X + 16.55 

Tenmarq 

0.91 

8.02x + 42.78 

Cheyenne 

0.96 

8 J6x + 36.00 

Chiefkan 

0.93 

6.S6X + 43.30 
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variety regression lines are positively correlated with water retention 
level (protein quality). These slopes are not different statistically, 
but a similar relation appears to exist for loaf volume and flour protein 
content (Finney, 1943) and has been established statistically for baking 
absorption and flour protein content (Finney, 1945). Thus, it appears 
justifiable to use the regression lines of Figure 6 as a basis for a correc¬ 
tion chart representing all probable water retention capacity (protein 
quality) levels. Such a chart can be constructed by drawing in regres¬ 
sion lines between and beyond those for Comanche and Chiefkan. 
correcting the lactic acid water retention capacities of the Hobart 



10 14 18 10 14 18 

HOBART FUDUR PROTEIN - % 

Fiff. 5. Relation between water retention capacity and protein content of iioura milled on a Hobart 
grinder from 29 hard red winter wheats representing four varieties of va^ng protein qu^ity. 

flours obtained from new wheat varieties to a constant protein basis 
such as 14|% (average for Hobart flours), an estimation of their 
protein quality or bread-making capacity relative to that for known 
varieties can be made quickly. As an example of the application of 
Figure 6 in making corrections for protein in variety evaluation, 
consider the data given in Table I for the last Cheyenne sample from 
Manhattan as representing a variety of unknown protein quality. 
Its “as received” water retention value of 142.1 at a protein content of 
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12.6% falls approximately on the Cheyenne regression line, thereby 
classifying the flour as being equal to Cheyenne in protein quality. 
The value of 142.1% retention is increased to 157% by following up 
the Cheyenne regression line to 14 2 % protein, at which point the water 
retention values of known and experimental varieties might be com¬ 
pared \\ ith a minimum of correction when considering all samples. 



HOBART FLOUR PROTEIN - % 

Fig 6. Water retention capacity-protein content regression lines calculated from 
the Hobart flour data plotted in Figure 5 

The water retention capacity test appears to have excellent possi¬ 
bilities of being particularly valuable in wheat breeding where the 
limited amounts of material in the early phases of the program are 
insufficient for the usual milling and baking procedures. The test on 
Hobart flours also has possibilities in the inspection and purchasing 
of wheat in territories where undesirable varieties are grown. 

Stunmary 

Water retention capacity and loaf volume data are reported for 
samples of hard winter wheat varieties covering a wide range in protein 
content derived from a very wide range of climatic and soil conditions, 
and representing three crop years. 

Water remaining imbibed after the application of centrifugal force 
is determined by treating 5 g of flour in a test tube with water to which 
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lactic acid is later added. After centrifuging and pouring off the super¬ 
natant liquid, water retention capacity is determined from the increase 
in weight. 

Water retention capacity of Buhler experimentally milled flours is a 
reliable index of their loaf volume potentialities. Partial and multiple 
correlations indicate that water retention is an expression of both the 
quantity and quality of protein. The water retention values range 
from 150% for the flour producing the lowest loaf volume of 650 cc 
to 300% for the one giving the highest volume of 1365 cc. 

A milling procedure involving one break and one reduction on the 
Hobart grinder and requiring only 11 to 12 minutes is described for 
75 g wheat samples. 

Water retention capacity of Hobart-milled flours is essentially a 
linear function of protein content within a variety. However, certain 
varieties have distinctly different regression lines, the slopes of which, 
in general, increase as water retention capacity increases. 

Loaf volume of Buhler- and water retention capacity of Hobart- 
milled flours are very highly correlated when protein content is held 
constant. Accordingly, the differences between the water retention 
capacity regression lines apparently represent differences in protein 
quality. 

These water retention capacity-protein content regression lines of 
known varieties should be useful for estimating the protein quality or 
breadmaking capacity of new wheat varieties. 
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COMPOSITION OF HYBRID CORN TASSELS 

J. M. Van Lanen, F. W. Tanner, Jr., and 
Shirley E. Pfeiffer 

Fermentation Division, Northern Regional Research Laboiatory, * 

Peoria, Illinois 

(Received for publication Maich 29 1946) 

In the production of hybrid seed corn it is customary to plant 
alternately two rows to serve as the male parent and six rows to serve 
as the female parent plants. Tassels are removed from all female 
functioning plants as soon as they emerge or before pollen begins to 
shed, and thus before the subsequent fertilization is eflected by the 
male functioning plants. Detasseling is carried out manually, the 
stalk generally being broken at the first node, and the tassels are dis¬ 
carded. Although the tassel comprises a relatively small portion of 
the total plant weight, the acreage devoted to seed production, and 
thus the quantity of tassels produced annually, is appreciable. Tas¬ 
sels of the particular strain investigated had an average dry weight of 
0.033 pound per plant and since there are some 11,000 plants per acre, 
75% of which are detasseled, the yield of dry tassels per acre was about 
270 pounds. In 1944 there was an estimated 360,000 acres planted in 
hybrid seed corn which would have supplied nearly 50,000 tons of dry 
tassels. The tassels thus harvested can be retained at little extra cost 
and dried if necessary in seed com driers which are idle during the 
detasseling period. It appeared desirable, therefore, to investigate 
their composition with a view toward utilization as a feed adjunct. 
Analyses were carried out during three stages of tassel development, 
the intermediate stage being the normal detasseling time. Also 
analyzed for comparative purposes were com pollen and commercial 
hybrid com grain. Tassels were found to be a good source of protein 
and vitamins and their possible utilization as a feed component is 
discussed. 

Experimental Methods 

About 20 tassels were taken for each analysis. Rachises below the 
lowest spikelet were removed so as to provide a more uniform material 
for analysis. It should be noted, therefore, that the analytical data 
presented later refer only to the tassel, rather than to the tassel, lower 
portion of rachis, and leaf, which are generally removed in detasseling. 

Nitrogen, crude fat, and crude fiber were determined by the Methods 
of Analysis (Association of Official Agricultural Chemists, 1940). 
Ash was determined by holding at S50®C for four hours and moisture 

^ One of the laboratories of the Bureau of Agricultural and Industrial Chemistry. Agricultural 
Research Administration, U. S. Department of Agriculture. 
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by drying overnight at 10S°C. Carotene was measured by the method 
of Moore (1940) and thiamine by the fermentation method of Schultz, 
Atkin, and Frey (1942). The method of Snell and Strong (1939) was 
employed for the riboflavin assay after the samples were extracted by 
autoclaving at a pressure of IS pounds for 30 minutes in the presence 
of 0.1 iV hydrochloric acid. Pantothenic acid was determined by the 
method of Pennington, Snell, and Williams (1940) after digestion of the 
samples with clarase and papain for 24 hours at 37°C. Results were 
corrected for the vitamin contained in the enzymes. For niacin, the 
procedure of Snell and Wright (1941) was employed. Samples were 
previously hydrolyzed b>' autoclaving for 30 minutes at 15 pounds 
pressure in 0.1 iV sodium h^’droxide. For the pyridoxine assays, 
samples were hydrolyzed by autoclaving with 5.0 N sulfuric acid after 
which the method of Atkin, Schultz, Williams, and Frey (1943) was 
applied. 

Results 

The results of proximate analyses of tassels during three stages in 
development are presented in Table I. Also included for comparison 
in Table 1 is the analysis of a composite sample of corn grain made up 
of over 100 commercial and experimental hybrids. 

TABLE I 

Influence of Maturation upon the Composition of 
Commercial Hybrid Corn Tassels 
(DeKalb Strain 404A) 


Proximate analy&is 


Stage of tassel development 

Moisture ^ 

Protein 
(V X 6.25) 

Fat 

Ash 

Crude 

fiber 

Nitrogen- 
free ex¬ 
tract 


% 

% 

% 

% 

% 

% 

Early® 

70.9 

18.5 

5.8 

4.5 

22.8 

48.4 

Intermediate ® 

S."!.*) 

18.3 

6.9 

4.5 

18.2 

52.1 

Late ^ 

54.6 

17.1 

4.3 

4.6 

18.5 

55.5 

Yellow corn, whole grain ® 

lO.S 

10.4 

5,0 

1.4 

2.1 

81.1 


' Moibture is given on the **as received” basis; all olhei constituents on a drv basis. 

Tassels were entirely s^cen and pollen was immature. 

» Pollen mature but firmly held (normal detasseling stage). 

I Pollen mature and reica^ by handling tobsel. 

Composite sample of hybrids. 


The solids content of tassels increased substantially between the 
early and intermediate (detasseling stage) and thereafter remained 
relatively constant. While the highest solids content of tassels as 
harvested at the intermediate stage was only 44.1%, it was found that 
samples could be dried to more than 90% solids by exposure in the field. 
Except for their lower content of carotene, as will be shown later, sun- 
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dried samples were similar to oven-dried samples in all constituents. 
'Fhe protein content decreased slightly during maturation but in all 
instances was notably high compared with the grain or other structural 
parts of the com plant. The fat level rose to 6.9% at the detasseling 
stage, then decreased rather sharply during further development of the 
tassel. The ash content remained practicalh' at the same level 
throughout, liarh' tassels were higher in crude fiber than intermedi¬ 
ate or late tassels, probabh because there was a higher proportion of 
rachis tissue in the immature tassels. The nitrogen-free extract in¬ 
creased slightly during the period of development, and at the detassel¬ 
ing stage it constituted approximately one-half the total dr}’ substance. 

The vitamin content of tassels (Table II) also was found to be 

TABLE II 

Influence of Maturation upon the \'’itamin Content 
OF Commercial Hybrid Corn Tassels 
(DeKalb Strain 404A) 


Stage of tassel development i 

Vitamin content ■» 

Riboflavin 

Niacin 

Pantothe¬ 
nic aad 

Pj ridoxine 

Thiamine 

Carotene 


Mi/£ 

Mg/g 

Mg/g 

Mg/g 

Mg/g 

Mg/g 

Early 

6.5 

58.0 

23.0 

3.9 

6.1 

— 

Intermediate 

8.8 

60.0 

25.9 

3.2 

10.0 

13,0 

Late 

9.4 

62.5 

22.8 

3.0 

8.8 

— 

Yellow com, whole grain ® 

1.1 

21.7 

9.1 

7.4 

5.4^ 

1.1 fi 


^ Stages of tassel development are e-cplained in Table I. 

2 All analyses are given on a dry basis. 

» Composite sample of hybrids. 

< From Schultz, Atkin, and Frey (1941). 

* From Baumgarten, Bauernfemd. and Boruff (1944). 

unusually high when compared with other structural parts of the 
plant and, with the exception of pyridoxine, was considerably greater 
than that of com grain. For example, tassels at the intermediate 
stage of maturation contained approximately eight times the ribo¬ 
flavin, three times the niacin, three times the pantothenic acid, twelve 
times the carotene, and twice the thiamine potency of the sample of 
corn grain. The pyridoxine level, however, was only about one-half 
that of the grain. While riboflavin and thiamine appeared to increase 
significantly during tassel development, the values for niacin, panto¬ 
thenic acid, and pyridoxine remained relatively constant. The 
vitamin content of tassels which had been oven-dried was compared 
with those dried to 8% moisture content by exposure to the sun. 
Whereas no differences were noted in the B-vitamin content, the caro¬ 
tene level of sun-dried tassels was only 4 jLtg per gram or less than one- 
third that contained in the oven-dried material. 
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A question arises as to the origin and location of the vitamins in the 
tassel since this organ is comprised of several parts which differ in 
physiological function such as the rachis branches, glumes, anthers, 
pollen, etc. Although these fractions were not separated and ana¬ 
lyzed, the potency of pure corn pollen in several members of the B 
complex was determined and found to be as follows per gram of dry 
substance: 14.9 jLtg riboflavin, 81 ixg niacin, 30 /zg pantothenic acid, and 
4.7 ng pyridoxine. Except for pyridoxine which is lower in com pollen, 
these figures are in good agreement with those reported for mixed 
pollen by Kitzes, Schuette, and Elvehjem (1943). The vitamin 
content of pollen is but little greater than that of the whole tassel and 
does not entirely explain the high potency of the blended parts. 

While the analytical data indicate that dried tassels are superior 
to corn and other cereal grains which are more readily available feed 
constituents, they are not comparable to such feed concentrates as 
distillers’ solubles or dried skim milk in either their protein or water- 
soluble vitamin content. Therefore, the value of this material prob¬ 
ably will be less than these adjuncts but will be determinable only by 
actual feeding trials. The potency of dried tassels in members of the 
B-vitamin complex suggests that they may be suitable for supplement¬ 
ing poultry rations. 

Summary 

The composition of hybrid corn tassels at various stages of matura¬ 
tion has been determined. Tassels are good sources of protein and 
vitamins, and they attain highest nutrient value at the normal de- 
tasseling time. Dried tassels may be a suitable adjunct to poultry 
feeds. 
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GAS PRODUCTION AND GAS RETENTION OF DOUGH 
AS AFFECTED BY TYPE OF FLOUR, BAKING 
FORMULA, AND AMOUNT OF MIXING ^ 

Emery C. Swanson ^ and C. O. Swanson 

Department of Milling Industry, Kansas State College, Manhattan, Kansas 
(Received for publication Septembei 17, 194S) 

Gas production and gas retention are basic to the production of 
leavened bread. Harden (1911) found that for a given amount of 
yeast the rate of fermentation is almost constant, regardless of the 
sugar concentration, within the limits of 0.5% to 10% sugar. Johnson 
and Bailey (1925) believed that the gluten content of flour directly 
affected the gas-retaining properties of dough but did not alter the 
total gas production. Heald (1932) listed factors that increased gas 
production as: (a) increased yeast concentration; (b) sugar and di- 
astatic malts when a deficiency of each occurs; (c) yeast foods up to a 
certain amount; and (d) elevated temperatures up to 95®F (35®C). 
Those factors which decreased gas production were: (a) salt; (b) ex¬ 
cessive amounts of yeast food; and (c) excessive temperature. Those 
factors which had no apparent effect were: (a) sugar and diastatic 
malt when sufficient amounts were already present; (b) high speed 
mixing; and (c) absorption between the limits which would be used in 
ordinary dough fermentation. Blish and Hughes (1932) reported 
that maintained gas production is predominantly dependent upon the 
supply of fermentable sugar. They further postulated that gas 
production is, for all practical purposes, indepenclent of the gas reten¬ 
tion factor under normal baking conditions. Munz and Bailey (1936) 
also refer to the effect of the addition of sugar on gas production and 
they agree with the findings of the^ other workers. Bohn and Bailey 

^ Contribution No. 123, Department of Milling Industry. 

’ Present address: International Milling Company. Mixmeapolis, Minnesota. 
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(1936) reported that overmixing produces marked physical changes in 
dough properties. The extent to which flour characteristics, baking 
formula, and procedure influence gas retention is not so well understood 
as the influence of these factors on gas production.' 

The purpose of the present investigation was to evaluate the 
influence of three factors on gas production and retention, namely: 
flour characteristics, formula, and mixing time. 

Materials and Methods 

The study was limited to a comparison of three commercially 
milled flours, three formulas, and three mixing times. The flours 
comprised a soft winter, a hard red spring, and a hard red winter, 
which were selected as representatives of each type from a group of 
some twent^J^ available samples. Selection of the three flours was made 
to secure differences in protein content, diastatic activity, absorption, 
and mixing requirements. These data are recorded in Table I. 

TABLE I 

Characteristics of Wheat Flours^ 


Flour type 


Soft Hard 

winter Spring winter 


Protein, % 7.8 

Ash, % 0.42 

Moisture, % 11.6 

Diastatic activity, mg/10 g 130 

Optimum mixing time, min. 2.0 ® 

Absorption (lean formula) % 54.5 


13.6 13.6 

0.49 0.45 

11.6 11.7 

195 347 

2.5 3.5 

72 64 


1 Data are expressed on the ’’as received" basis. 

» Two minutes was arbitrarily taken as the optimum mixing time for the soft wheat flour. Actual 
measurements indicated a shorter time. However, the apparatus was geared to testing hard wheat 
flours and it was difficult to obtain a properly mixed soft wheat dough that would be differentiated from 
the one-minute mixing given to "undermixed" doughs. A mixing time of less tlian one minute was not 
practical because of insufficient incorporation of the ingredients and poor handling properties. 

One low-sugar and two high-sugar formulas, designated respect¬ 
ively as “lean,*' “MPB,” and '‘rich” with the ingredients shown in 
Table II, were used. With both high-sugar formulas the initial rapid 
rate of gas production was maintained for at least eight hours. The 
only instances in which sugar deficiencies occurred were with the 
"lean” formula. 

The optimum mixing times were estimated from the characteristics 
of mixograms and by the handling properties of the dough as judged 
by an experienced baker. A dough was judged to be at optimum 
development when it had a smooth texture and dull surface, and felt 
dry when handled. In addition to doughs mixed for the optimum 
times for each flour and formula, undermixed doughs (mixed one 
minute) and overmixed doughs (mixed 10 minutes) were also prepared. 
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TABLE II 

Baking Ingredients per 100 Grams Flour 



Lean 

MPB 

Rich 



Z 

£ 

Yeast 

2.5 

2.5 

2.5 

Sugar 

Salt 

z 

5.0 

1.0 

6.0 

1.5 

Dry milk 

Malt syrup 

— 

— 

6.0 

120®L 

— 

— 

0.25 

200‘’L 

— 

0.30 

— 

Ammonium phosphate 

— 

0.10 

— 

Bromate 

— 

1 mg 

4 mg 

Water 


As needed 


One 5-g aliquot of each dough was used to estimate gas production, 
and another to estimate gas retention employing the recording gaso¬ 
meter recently described by Working and Swanson (1946). The data 
thus obtained were calculated to a 170-g dough basis, this being the 
average weight of the dough from 100 g of flour. Gas production data 
for the flours are reported as: (1) rate per hour for the initial phase, that 
is, up to the point where the curve breaks and the rate decreases; (2) 
six-hour total production; and (3) total production to the point of 
maximum gas retention. The latter may have considerable signifi¬ 
cance since it is dependent not only on the gas-producing ability of the 
dough but likewise on the gas-retaining capacity. The gas retention 
values recorded were the maximum quantity of gas retained and the 
time necessary to reach this maximum. 

Restfllts 

The mean data for gas production and gas retention are given in 
Table III. Each numerical value represents the combined mean data 
from 54 determinations (three flours tested in duplicate with three 
formulas and three different mixing times). 

Gas Production. The soft wheat flour showed the lowest initial 
rate of gas production and a low total production, both to the point of 
maximum retention and to six hours. The other two flours had ver>^ 
similar inithil rates of production, but the high diastatic winter wheat 
flour maintained the initial rate of production for a longer time and, 
thus, gave the most total gas produced during the six-hour period. 
The value for total production to maximum retention was greater for 
the spring than for the winter wheat flour owing to the longer time 
required to attain maximum retention. 

The type of formula had a pronounced effect on the initial rate of 
fermentation and on the total gas produced. The initial rates for the 
lean and MPB formulas were essentially the same, but the rate for the 
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TABLE III 

Effect of Flour Type, Baking Formula, and Mixing 
Time on Gas Production and Retention 
(mean results for 170 g dough) 




Gas pioduction 


G IS retention 

Mam effects 

Initial rate 

Total to 

Maximum 

Time to 
maximum 


Maximum 

retention 

Six hours 


ml/ht 

ml 

ml 

ml 

l» 

Flour 






Soft 

227 

692 

1149 

298 

3 1 

Spring 

Winter 

239 

1060 

1273 

451 

4.6 

241 

961 

1314 

371 


Formula 






Lean 

250 

728 


319 

3.0 

MPB 

251 

1048 


427 

4.2 

Rich 


939 


375 

4.6 

Mixing time 
t minute 






234 

806 

1226 i 

322 

3.6 

Optimum 

10 minutes 

236 

1019 


416 

4.3 

239 

889 


384 

3.8 


rich formula was much lower. The gas production values to the time 
of maximum retention and for six hours were highest for the MPB 
formula and lowest for the lean formula. This was due to the influ¬ 
ence of the lower rate of gas production with the rich formula and to 
the shorter time to maximum retention with the lean formula. 

Variations in dough mixing time did not influence the initial rate 
of gas production nor, to any appreciable extent, the six-hour produc¬ 
tion values. However, the total gas production to the point of maxi¬ 
mum retention was largest for the optimum mixing time, smallest for 
the one-minute, and intermediate for the 10-minute mixing time. 
This is due to the eflect of the mixing on the time elapsing between the 
beginning of fermentation and the attainment of peak retention; this 
time was the longefat with optimum mixing and the shortest with 
undermixing. 

Gas production, then, over cither the variable time required to 
give peak retention or during the conventional six-hour period, is 
dependent primarily on the formula used. The type of flour may have 
an effect but this can be modified by changing the formula. 

Gas Retention. Of the three flours, the spring wheat sample showed 
the greatest gas retention, the winter wheat flour intermediate, and 
the soft wheat flour the lowest. This relationship, in part, results 
from the dependence of gas retention, as measured, on both gas pro¬ 
duction and the time required to reach the retention peak. The soft 
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wheat flour was deficient in both respects; the spring wheat flour was 
not superior to the winter in early gas production rate, but the longer 
period of time before the retention peak was reached permitted greater 
gas production and greater observed retention. 

The maximum gas retention was largest for the MPB formula, 
smallest for the lean, and intermediate for the rich. Here again, the 
variation may be attributed primarily to differences in gas production. 
The effect of the lean formula was to give a low over-all gas production 
during the relatively short period before maximum gas retention was 
achieved. High gas production for a relatively long period of time 
caused the observed retention peak for the MPB formula to be high. 
On the other hand, with the rich formula the prolonged fermentation 
period before peak retention was reached was not sufficient to overcome 
the deficiency caused by the lower rate of gas production; as a result 
the retention for this formula was of intermediate degree. 

Best gas retention was observed with the doughs mixed for the 
optimum, while the undermixed doughs showed lowest retention and 
the overmixed gave values of intermediate magnitude. Variation in 
mixing time had, essentially, no effect either on the rate of gas produc¬ 
tion or on the period of maintenance of this rate. Observed differ¬ 
ences in maximum gas retention must therefore be due to an influence 
on the gas-retaining properties of the dough. Thus, gas retention is 
shown to be dependent primarily on gas production and mixing time, 
and secondarily on the flour. 

Variance Analyses 

Results of variance analyses of the data are summarized in Table 
IV. The interactions were tested by the “remainder" error term. 

The variance analyses confirm the observations made from the 
data of Table III and only the significant interrelationships of flour, 
formula, and mixing time will be discussed. Figure 1 illustrates these 
relationships for total gas production up to the time of maximum re¬ 
tention. The flour-formula graph (left side) shows the superior 
response of the spring wheat flour to the MPB and rich formulas, the 
low response of the winter wheat flour, and the intermediate response 
of the soft wheat flour. The flour-mixing time graph (center) shows 
the superiority of optimum mixing time for the winter and spring 
wheat flours. For the soft wheat flour, there was no difference in 
response to the one minute and optimum mixing times, while the 10- 
minute mixing time was clearly damaging. The spring wheat flour 
was most sensitive to changes in mixing time. The formula-mixing 
time graph (right side) shows no effect of mixing time with the lean 
formula, but with the rich and MPB the optimum mixing time is 
clearly shown to be superior to under- or overmixing. 
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TABLE IV 

Variance Analysis of Gas Production and Retention Data 


Source of variation 

, D.F. 

Sums of squares ^ 

Gas production 

Gas retention 

Duration of 
initial rate oi 
production 
(data from lean 
formula only) 

Initial 

rate 

1 

Total 
to max¬ 
imum re¬ 
tention 

1 

Total 
to six 
hours 

Max¬ 

imum 

Time 
to maxi- 

mum 

D.F. 


Flours 

2 

2.75* 

1973 

846 

317 

34.3 

2 

10.92** 

Formulas 

2 

26.57** 

1436* 

6536* 

159 

38.3* 

— 

— 

Mixing times 

2 

.24 

621 

31 

123 

7.4 

2 

.01 

Interactions 









Flour X formula 

4 

.52 

190* 

■my 

17* 

4.3** 

— 

— 

Flour X mixing time 

4 

.80 

471** 

23 

65** 

6.2** 

4 

.06 

Formula X mixing 









time 

4 

.17 

199* 

22 

28** 

2.4* 

— 

— 

Remainder 

143 

.44 

27 

23 

6 

.5 

45 

,06 


1 ^^cDenotes that variances arc highly significant (exceed 1% point). 

’"Denotes that variances are significant (exceed 5% point). 

The interactions were tested for significance against the remainder'* error term. The main 
effects were tested for significance by the appropriate interactions. 


Figures 2 and 3 illustrate the relationships for maximum gas re¬ 
tention and time to maximum retention, respectively. The flour- 
formula graph (left) of Figure 2 shows the soft wheat flour to have the 
lowest gas retention for all three formulas with the spring wheat flour 
superior to the winter. The significance of the interaction is due to 
the difference in relative sensitivities of the flours to formula changes. 
The flour-mixing time graph (center) shows the greatest retention 
with the winter and spring wheat flours at the optimum mixing time, 
the least at the one minute, and intermediate retention at the 10- 
minute mixing time. The soft wheat flour has the least retention, the 
spring the most, with winter intermediate. The mixing time-formula 



Fig. 1. Flour, formula, and mixing time relationships for total gas 
production up to the time of maximum retention. 
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graph (right) shows about the same relationship as the flour-mixing 
time graph (center). 

The left graph of Figure 3 (time to maximum retention) shows the 
high sensitivity of the hard spring and soft winter wheat flours to 
formula changes, with the winter wheat flour least aflFected. The 
significance of the flour-mixing time interaction (center graph) was 
due, mainly, to the insensitivity of the flours at one-minute mixing as 
compared to their rather wide differentiation at either optimum or ten- 
minute mixing. The formula-mixing time interaction (right graph) 




1600 I 600 . 




0n« minut 
Mixtog timt 




OM minu 
Mixing limn 


FiS 3. Floui, toimula, and nn\ing time lelationbhips for the tune to mavimum gab retention 

shows the lean formula to be unaffected by variations in mixing time, 
while both the high-sugar formulas were markedly altered by such 
changes. 

The flour-formula interaction for the total gas production to six 
hours (Table IV) was highly significant. The data are given in 
Table V. The lean formula gave the smallest values regardless of the 
flours, and the MPB formula the largest, with the rich intermediate. 
The soft wheat flour gave the lowest values regardless of the formula, 
but the highest values were determined by both the flour and the 
formula, with the winter wheat flour having the greatest value with 
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TABLE V 

Efflci or* Flour CHARAcrERisTics and Baking 
Formula on Total Gas Production 


Formula 

Gas produced in six hours 


Flour 


Sott 

Winter 

Spring 


ml 

ml 

ml 

Lean 

848 

1220 

929 

MPB 

1392 

1460 

1537 

Rich 

1220 

1258 

1370 


the lean formula and the spring wheat flour the greatest with both the 
MPB and rich formulas. 

The data show the extent to which gas retention is influenced by 
the rate of gas production and the duration of the initial rate. The 
correlation of gas production and gas retention was highest at the time 
of maximum retention, being + 0.83. The correlation at six hours was 
+ 0.30. This suggests that gas production data, when used as a 
criterion of potential breadmaking quality, should be noted at some 
time less than the usual practice of six hours. 

Summary 

Gas production and retention data were obtained for three wheat 
flours varying in protein content, mixing requirement, and diastatic 
activity employing a 'Mean” (low-sugar), malt-phosphate bromate, 
and a rich formula and short, optimum, and long mixing times. 

Gas production was dependent, primarily, on the formula used. 
The rich formula had the lowest rate of gas production, while the lack 
of fermentable sugar with the lean formula caused a marked decline 
in the amount of gas produced. The effect of flour type on gas pro¬ 
duction can be modified by changing the formula. 

Gas retention was primarily influenced by gas production and 
mixing time. The higher the rate of gas pro<luction the greater the 
amount of gas retained. Optimum mixing produced a dough which 
had the best gas-retaining properties. 
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REPORT OF THE 1945-46 COMMITTEE ON TESTING 
BISCUIT AND CRACKER FLOURS 

Frank R. Schwain, Chairman 
Kroger Company, Columbus, Ohio 

(Presented at the Annual Meeting, May 1946; received for publication May 23, 1946) 

Several years have been spent in an attempt to reconcile laboratory 
and shop performances in cooky baking. Some correlation has been 
evident with our present tentative cooky formula, particularly with 
wire-cut goods (Schwain, 1944), but this formula has revealed a 
sensitivity to flour particle size not always demonstrated in the bakery. 
Last year, limited studies with a typical shop formula reduced to 
laboratory size showed better correlation with actual practice in this 
regard (Schwain, 1945). 

Any attempt to explore the question of flour particle size this year 
had to be abandoned. Actual mill runs by Wilbur Hanson, one of the 
committeemen, demonstrated that not over 10 to 15% variation in 
flour particle size could be obtained from a given lot of this year's crop 
of Michigan white wheat. 

The committee then turned to a problem which has confronted the 
industry for some time, namely, the tolerance range of cooky flour 
strength. In other words, how far apart in analyses can cooky flours 
be and yet produce cookies of equivalent spreading properties? It 
was decided to select the test flours on the basis of gluten quality or 
strength as defined by apparent viscosity, and to determine the actual 
tolerance range by cooky tests in both the laboratory and shop. A 
significant change in spreading properties of the cookies from any given 
flour was to be considered as an indication that its strength or weak¬ 
ness, as the case might be, was of sufficient magnitude to place it 
outside the range. Conversely if no appreciable change in baking 
response was noted, one could assume that the strength of the flour in 
question fell within the range of tolerance. Wire-cut types of cookies 
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were chosen as the mecliuiii for the shops to explore in view of th(‘ 
previous good correlation betwc'eii laboratory and bakery results with 
this type of piece. 

Materials and Methods 

Four unbleached straight-grade Michigan white wheat flours were 
selected which had apparent viscosities by the no-time method ranging 
from 22® to 34® MacMichael. 

The analyses of the test flours are shown in Table 1 and a Ro-Tap 
granulation study in Table 11. The no-time” viscosity test ranks 
flour A the weakest and D the strongest, with B and C about equal. 
The “one-hour” viscosity, on the other hand, ranks A and B about on 
a par, with C stronger than these two but D again showing the greatest 
strength. It is possible that the higher mineral content of flour A is 
reflected in a lowering of its no-time viscosity. In any event a con¬ 
siderable range in apparent viscosity or gluten strength is indicated. 


TABLE I 

Analyses of Test Flours 


Flours 

Abh » 

Protein * 

Gluten 

Maltose 
value = 

Apparent viscosity 

Wet 

Dry 

No-time 

1 Hour 

•MacM. 

**MacM. 


% 

% 

% 

% 

mni Ilg. 



A 

0.42 

7.3 

23.6 

7.9 

275 

22 

38 

B 

0.38 

7.0 

23.2 

7.8 

305 

25 

37 

C 

0.36 

6.0 

21.3 

6.7 


25 

44 

D 

0.36 

7.1 

22.9 

8.2 


34 

51 


1 14% moisture basis. 

a As determined by preasuremeter in 6 hour period. 


TABLE IT 

Granulation of Test Flours ^ 


Percent of total flour 



Flours 

A 

B 


D 

Over 11 XK Silk 

0.3 

0.5 

3.3 

0.4 

Over 12 XX Silk 

0.6 

0.8 

3.1 1 

1.1 

Over 13 XX Silk 

1.4 

.3.7 


3.9 

Over 14 XX Silk 

0.4 

3.4 


4.8 

Over IS XX Silk 

7.7 

14.4 


15.5 

Through IS XX Silk 

89.6 

77.2 


74.3 


* Flours were bolted for 30 minuter by means of a Ro Tap shaker (200 g sample). 
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Granulation differences doubtless reflect variations in grinding and 
bolting operations since three different flour mills are represented. 

Mixograms made from the four flours are reproduced in Figure 1. 
These were all made at an absorption of 52% and at a machine tension 
of 7. The slower development time of flour C is probably the result 
of its coarser granulation. 



Fig. 1. Mixograms of test flours (tension 7; 52% absorption). 


Cooky tests were conducted in five different laboratories and five 
separate shops. 

The laboratory cooky baking tests were carried out in three ways. 
The first method consisted of the present tentative test first proposed 
by Hanson (1943). To this was added the modification employed by 
last year's committee to secure a more uniform dough consistency by 
controlling the amount of dry matter and the quantity of moisture 
added (Schwain, 1945). 

The second method was fundamentally a shop wire-cut piece 
formula reduced to laboratory size. This is the same formula, es¬ 
sentially, that the committee had tried last year, except that dough 
consistency was controlled in the same way as in the case of the for¬ 
mula mentioned above. The primary difference between the present 
tentative laboratory formula and the shop revision was in the amount 
of leavening agents. The shop type utilized a far greater amount of 
ammonium bicarbonate and a lesser quantity of sodium bicarbonate. 
These changes encourage more spread than spring in the resulting 
cookies. 
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A third laboratory method consisted of a micro-cooky lest de¬ 
veloped by Karl Finney at Wooster. In this method, the dough from 
any given formula is mixed in a National nonrecording mixer with 
only two cookies baked from the same dough. 

Since unpublished work has shown that the kind of metal used for 
rooky baking sheets produces a noticeable effect on the wSpring and 
spread of cookies, the committee decided to use a 20 gauge iron sheet 
in its laboratory tests. This type of metal is the same as that normally 
employed in baking pans for use in commercial reel type ovens. 

The various bakeries were asked to employ their regular wire-cut 
formulas but to make no changes except possibly in absorption or, if 
necessary, in the setting of the wire-cut machine feeder rolls to secure 
satisfactory results. 

Results 

The results from the laboratories, recorded in Table III, show that 
the flours are remarkably close in cooky baking performance. Both 
formulas show reasonably good agreement. The revised shop formula, 
as was expected from its leavening balance*, produced the greater 


TABLE III 

Laboratory Spread Factors (W/T) op Cookies Made with the 
Present Tentative Test and the Revised Shop Formula 





Spicad factor oi cookicb 



Collaborator 




FIouis 




I 



c 

l 



Tent. 

Revd. 

Tent. 

Revd. 

Tent. 

Revd. 

Tent. 

Revd. 

i 

11.2 

109 

11.3 

10.7 

10.7 

11.5 

11.2 

11.7 

II 

9.4 

9.7 

9.4 


9.0 



mu [■ 

III 

9.0 


8.7 

9.8 

9.3 

Bii' w 


■ii m 

IV 

8.9 

9.6 

9.1 

9.7 

10.0 

Btrn 

BiiKH 

H m 

VI 

9.4 

9.6 

8.8 

9.5 

8.8 


8.9 

mm 

General average 

9.6 


9.5 

10.0 

9.6 

10.2 

9.7 

10.2 


1 Micro cooky bdkmp: test technique employing same lormulas. 


Spread. The micro-test shows better agreement with the revised 
shop formula averages than with the present tentative test. Individ¬ 
ual results in general are not in as close agreement as in prior years. 

Actual shop tests of the flours are summarized in Table IV. 

Admittedly the choice of cookies by the various shops is not re¬ 
presentative of the best types that could have been chosen; but the 
bakeries are still under considerable handicaps as far as basic ingredi- 
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TABLE IV 


Spread Factors (W/1 ) ot Wire-Cut Cookies t rom Commercial Tesis 


Collaborator 

Type cookv 

Flours 

A 

B 

C 

D 

VI 

Vanilla wafer 

5 8 

6.6 

60 

5.5 

vn 

V'anilla wafei 

6 7 

6.9 

6.7 

6.7 

vni 

Oatmeal 

7.6 



7.6 

IX 

Oatmeal 

8 0 

S.S i 


8.0 

X 

Coconut 

8.1 

9.4 

m 

8.7 

General average 

7.2 

7.8 

7.4 

7.3 

Flour moisture 

11.3 

13.5 

12.8 

12.6 


ents are concerned. Oatmeal doughs sometimes are not as sensitive 
to flour types as most other formulas. However, the average values 
for the shop tests show that with the exception of flour B, the samples 
are very similar in cooky making value. 

It is noteworthy that flour B had the highest moisture and it is 
quite likely that this is a contributing factor to the high spread since 
all of the bakeries employed the flours on an “as received” basis. 
All the bakeries reported that the dough from flour B was on the soft 
side. Two percent additional moisture is equivalent to using 12 
pounds less flour and 12 pounds more water per three barrel dough and 
this would naturally lead to a softer dough with more spread. 

This suggests that it would be advantageous for bake shops to 
weigh flour into the mixers with a weight standardized to some pre¬ 
determined moisture level, say 12%. Such a procedure might con¬ 
ceivably level out flour performance; it would certainly aid in the 
attainment of more uniform goods, and should reduce invisible losses 
which ultimately affect yield. 

Collaborator X had sufficient flour to repeat the flour series, in 
which he prepared each dough by employing a constant weight of 
flour as computed on a 12% moisture basis. The results are found in 
Table V. 


TABLE V 

Comparison of W/T Factors for Wire-Cut Cookies from Commercial 
Doughs Corrected and Uncorrected for Flour Moistures 




Flours 



Dough preparation 

A 

B 

C 

D 

Flour weighed “as received” 

Flour wreight corrected to 12% 

8.1 

9.4 

9.2 

8.7 

moisture basis 

9.6^ 

9.5 

9.7 

9.51 


^ Average oi several dougli<). 
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When moisture is taken into account in the shop, the performance 
of the different flours is much more uniform. This is in harmony with 
the laboratory predictions. Flours A and D were baked in duplicate 
in the shop and the replicability of the tests on flour A was very un¬ 
satisfactory; W/T values of 10.15 and 9.0 were secured in successive 
days under strict supervision. This points clearly to the fact that 
the shop data, which in most cases represents single doughs, may not 
reflect what would be found as a result of a large number of tests 
where such unavoidable variations as personnel, machine, and baking 
conditions would tend to be overcome. 

Conclusions and Recommendations 

From these studies it would appear that unbleached Michigan 
white wheat straight grade flours may vary in apparent viscosity as 
much as 10° MacMichael on the basis of the no-time method or ap¬ 
proximately 15° MacMichael with the one-hour digestion test and 
still produce wire-cut cookies with comparable spreading properties. 
This has been demonstrated in laboratory tests and somew’^hat limited 
commercial runs. The latter showed quite clearly that the perform¬ 
ance of flours may be markedly affected by differences in moisture 
content, particularly if the moisture variable is overlooked by the 
bakery in weighing the flours for the doughs. 

Since moisture is usually neglected in the shop, it is well for the 
mill chemist to keep this variable in mind should a criticism be leveled 
against his flour when compared to another similar type. Conversely, 
the cooky bakeries would do well to consider the moisture factor when 
weighing the flour since it is obvious that to ignore il is to invite 
variations in performance, quality, and actual yield. 

Both laboratory formulas agree fairly well in evaluating the flours. 
The results support the view held by many soft wheat workers that no 
single physical or chemical test will define the cooky performance of 
flours, and that the baking test is one of the most dependable guides. 

It is recommended that future committees continue to work to¬ 
ward an official cooky test bake formula, studying both formulas used 
here, with the object of eventually recommending the one which is 
most suitable. The ammonium bicarbonate tolerajice of a flour might 
be investigated. The range of cooky flour strength employing flours 
with differences in viscosity of about 15° MacMichael (no-time), if 
such a spread can be obtained from Michigan white wheat, should be 
further explored. Closer agreement in laboratory results was secured 
in prior years when only two or three flours were studied than in the 
present study which involved a heavier schedule. Shop test accuracy 
would also be improved by making replicate tests with fewer flours. 
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BOOK REVIEW 

Studies on the Nature of the Bromate Effect By Holger Jorgensen. 435 pp. 
English Edition published in 1945 by Einar Munksgaard, Copenhagen, Den¬ 
mark, and Humprey Milford, Oxford University Press, London, England. 
Price '*Dan. Kr. 40.” 

In this voluminous text Holger Jorgensen reviews and amplifies his previous 
work on the mechanism of the action of bromate and other imi)rovers on flour. The 
English edition published in 1945 is a translation from the Danish by Einar Christen¬ 
sen of J0rgensen*s doctoral thesis published in Copenhagen in 1941. 

The book consists of six introductory chapters, three main sections, an appendix 
describing the flour inventory, and finally a bibliography. The first main section is 
concerned with the methods used in the investigation. Baking test procedures and 
methods for the determination of nitrogen, moisture, ash, diastatic activity, hydrogen 
ion concentration, and oxidation-reduction potential are discussed in minute detail. 
Techniques employed for the measurement of the activity of papain and similar 
proteolytic enzymes by means of both gelation and extraction tests are fully outlined. 
In the second section the author cites numerous experiments supporting his contention 
that the beneficial effect of bromate and other improvers i.s due to inhibition of the 
flour proteinases which have been activated by the presence of yeast. The argu¬ 
ments he gives in support of this theory are as follows: 

“( 1 ) It can be established indisputably by tests that the action of the oxidizing 
agents which improve the baking strength is not due to the circumstance that 
these substances stimulate the CO 3 production of the yeast. Thus wc may re¬ 
ject as erroneous one of the oldest theories for the bromate effect, viz., that 
bromate incites the yeast to a stronger CO 2 production. 

(2) It can be established by test that KBrOs, KIOs, (NH4)2S208 and NaB08, 4 H 2 O 
(thus all of the oxidizing improvers) strongly inhibit the gelatin-splitting ability 
of papain and its related enzyme, bromelin. KClOs, which does not improve 
the baking strength, does not inhibit the action of these proteinases. 

(3) When extracting flour wiA water (autolysis) the improvers KBrOs and KIO3 
cause a diminished solubility of the N of the flour, while the not-improving 
oxidizing agent KCIO* does not have this effect on the N-solubility. 

(4) The depression of the N-solubility due to the addition of KBrOs and KIOs 
mentioned under (3) increases very considerably if the extraction is carried out 
on wheat flour which has been made strongly proteolytic by the addition of 
papain. KClOs, however, remains passive. 
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(^j It can be established by test that the proteolytic influence of wheat germ and 
wheat malt on gelatin is inhibited by KBrOs and KIO3, but noi by KCIO3. 

(6) Ascorbic acid—a substance of which it is known that it can inhibit proteinases 
of the papain group—has been found to act improving on the baking strength. 

(7) Glutathione—a substance of which it is known that it activates proteinases of 
the papain group—has been found to destroy the baking strength. 

(8) By its presence in dough, yeast causes an activation of the proteinases of the 
flour.” 

The third main section is a critical review of 23 papers by other investigators dealing 
with Jorgensen’s theor>'. 

It has been demonstrated iDy numerous investigators that proteolytic enzymes 
are present in wheat and, as might be expected, they occur in a smaller amount in 
patent flour than in other milled fractions of the wheat. Moreover, all evidence 
points strongly to the fact that the proteolytic enzymes of wheat belong to the 
papain group. Previous workers have shown that enzymes classified in the papain 
group are activated by sulfhydryl compounds and cyanide and inactivated by certain 
oxidizing agents or other compounds containing elements such as copper or mercury 
that can combine with the sulfhydryl group of the enzyme. But the fact that 
certain oxidizing and reducing agents act solely by inhibiting or activating the pro¬ 
teolytic enzymes of flour is difficult to prove, because every method of measuring the 
change in the proteolytic activity of flour, as applied to the complex conditions 
existing in breadmaking, is open to some criticism. The proteolytic activity of 
patent flour is small and differences with various flour treatments are not significant 
unless levels many times those used in commercial practice are employed. Jdrgensen 
has attempted to answer this criticism by pointing out that the ratio of water to flour 
is much greater in his extraction experiments than in dough and that the presence of 
yeast in dough would further activate the enzymes and hence less oxidizing agent will 
be required. However, it appears to the reviewer that both these arguments prove the 
opposite. In solution there should be a greater chance for a more complete reaction 
between the enzyme and the oxidizing agent than in a dough. Since yeast activates 
the proteolytic enzymes of flour, one would think that greater amounts of oxidizing 
agents would be required in dough than in the extraction tests; yet the opposite is the 
case. Secondly, gluten is a most difficult substrate to use for the measurement of 
proteolytic activity. Most workers in this field have had to resort to the use of 
foreign substrates such as casein or gelatin. Jdrgensen has leaned heavily on two 
techniques for demonstrating his thesis.^ One is an extraction procedure in which 
flour is autodigested in aqueous suspension with and without the improver and the 
difference in the amount of soluble nitrogen in aliquots of the centrifuged, filtered 
extracts is determined. The other method is a procedure whereby proteolytic 
activity is measured qualitatively by the ability of the flour suspension, with or 
without additions, to change the time of solidification of gelatin, 

Jdrgensen’s weakest arguments are those listed under (2), (4), and (7), The 
inhibition of the gelatin-splitting ability of papain and bromelin by bromate, iodate, 
ammonium persulfate, and sodium perborate is certainly only circumstantial evi¬ 
dence as applied to flour. Furthermore, the fact that the depression of the nitrogen 
solubility, due to the addition of bromate, increases very considerably if the extrac¬ 
tion is carried out on wheat flour made strongly proteolytic by the addition of papain 
docs not provide an explanation of the extent of the effect of the proteolytic enzymes 
of the flour itself. In regard to the argument (7), it is quite true the glutathione 
activates the proteolytic enzymes. However, it is still an open question whether or 
not a direct chemical effect of sulfhydryl compounds might be more responsible. In 
addition, although it can bo demonstrated that a reducing medium is present in 
dough, we have never been able to secure a positive nitroprussidc test on a ferment¬ 
ing dough. 

In the third main section of this book Jjiirgensen critically evaluates the work of 
other investigators in this field and frequently uses their data to support his owm 
beliefs, although this may not alw'ays be justified. One of the papers most kindly 
reviewed was from this laboratory and there are a few points in regard to Jfirgensen’s 
criticisms of this paper that should be mentioned. We stated that the detrimental 
effect of wffieat germ on the baking quality of flour was due largely to its content of 
glutathione. But Jdrgensen says, after describing an experiment wherein wheat 
germ but not glutathione liquefied gelatin, “Thus it is absolutely proved that wheat 
germ, besides glutathione, contains a proteinase, and it would be wrong to assume 
that the germ’s proteinases do not participate at all in wheat germ’s destruction of 
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the baking strength Considciing the Urge glutathione content which Sullivan and 
co-workers found in the wheat germ, it is believed, though, that a large part of the 
detrimental effect of wheat germ must be attributed to the glutathione confnt.'* 
There is no argument w-hatever that wheat germ contains proteolytic enzymes; it is 
a well-known fact. The point brought out in our paper was that a water extract of 
germ (containing both glutathione and proteolytic enzymes), which w^as boiled for 
10 to IS minutes, still had a bad effect and boiling surely inactivated the proteolytic 
activity'. This behavior can be demonstrated by farinograph curves and actual 
baking tests, as was showm in an article published in Cereal Chemistry, 14: 489-495 
(1937). Again, in the original article which Jorgensen reviewed, we stated, “It is 
interesting to obser\'e in this connection that c> bteine, \\ hich contains the specific -SH 
group, causes a very marked deleterious action as measured bv the farinograph 
Howe\'er, unlike glutathione, cj’steine permits the production of a normal loaf ot 
bread.” Jorgensen then proceeds to show' that c>sieine, when used at the rate of 
100 mg per 560 g of flour, produced a loaf 20^1 smaller than the loal without cpteine. 
In all our experiments cysteine caused a pronounced stickiness in the dough, as is 
also indicated in the farinograph curve, but when employed at the same level of -SH 
as glutathione, the loaves containing cj'steine were practicallj’ normal in volume 
(only 3 to 5% lower than the standard); whereas the loaves made from flour to which 
glutathione was added w^ere 20% or more below the untreated flour. Even when 
both compounds w'ere added at the same level on a weight basis, provided too high 
an amount was not employed, the glutathione invariably gave the poorer loaf. 
Obviously, howev^er, if a high enough level of cysteine is used, a poor volume will 
result. 

Jprgensen reviewed only selected articles published to 1940, so it would be un¬ 
fair to discuss in this review work that has appeared during the last five years. I 
w'onder, however, w'hat comments he w'ould make on the papers published by Olcott, 
Sapirstein, and Blish, Cereal Chemistry, 20: 87-97 (1943) and by Sandstedl and 
Fortmann, Cereal Chemistry, 20; 517-528 (1943). 

There are needless repetitions in the book and quite a little irrelevant material 
such as measurements of the oxidation-reduction potential of spinach juice. But I 
was much interested in the use of bromate in preventing the blowing of cheese. 

The mechanism of the action of bromate and other improvers is a complex and 
intriguing problem. Whatever one may think of Jpirgensen's firm conviction that 
the effect of certain oxidizing and reducing agents on flour is satisfactorily explained 
by his theor>% it must be admitted that his work has contributed greatly to the 
solution of the problem and stimulated much needed research in this field. 

Betty Sullivan 

Russell Miller Milling Company 
Minneapolis, Minnesota 
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GRAIN STORAGE STUDIES. IV. BIOLOGICAL AND 
CHEMICAL FACTORS INVOLVED IN THE SPON¬ 
TANEOUS HEATING OF SOYBEANS ‘ 

Max Milner * and W. F. Geddes ® 

Division of Agricultural Biochemistry, Minnesota Agricultural Experiment 
Station, University Farm, St. Paul, Minnesota 

(Received for publication May 21, 1946) 

Observations on the spontaneous heating of grain have usually been 
made with seeds stored in bulk. Until the work of Ramstad and 
Geddes (1942) and of Sallans, Sinclair, and Larmour (1944) who carried 
out heating studies under virtually adiabatic conditions, the few labora¬ 
tory studies which have been reported have utilized either poorly 
insulated lots of grain or Dewar flasks. 

The fundamental causes of the spontaneous heating of grain have 
not been clearly elucidated. The conclusion of Bailey and Gurjar 
(1918) and Bailey (1940) that the heating of stored wheat and other 
grains is due to seed embryo respiration has been questioned by 
several investigators who have pointed out that molds resident on 
normal grain may proliferate at storage moisture levels, and that their 
metabolic and respiratory activities are strongly thermogenic. Cohn 
(1890) early found that germinating seeds maintained in an insulated 
box would reach temperatures of only 40°C due to the thermogenic 
effects of seed respiration under germinating conditions. At this tem¬ 
perature the seedlings were killed. He attributed subsciquent tem¬ 
perature increases to 65®C to thermophilic microorganisms. Darsie, 
Elliot, and Peirce (1914) carried out similar studies in Dewar flasks 
and pointed out that temperature increases due to the respiration of 
germinating seeds were slight compared to those caused by mold 
growth. Gilman and Barron (1930) concluded that “in bins of stored 
grain, marked increases in temperature may be ascribed to mold 
growth.’’ 

* Paper No. 2304, Scientific Journal Series. Minnesota Agricultural Experiment Station. This 
paper i^ipMnta a portion of a thesis presented to the Graduate School of the University of Minnesota 
hi par^l fulfillment of the requirements for the Degree of Doctor of Philosophy, March, 1945. 

* Research Associate, Division of Agricultural Biochemistry, University of Minnesota, St. Paul, 
Minnesota. 

* Professor of Agricultmal Biochemistry, Univemity of Minnesota, St. Paul, Minnesota. 
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Recent literature on the thermogenic activity of microflora growing 
on a variety of moist agricultural materials has not been adequately 
related to spontaneous heating phenomena in stored grain. Among 
such studies are those of James (1927), James, Rettger, and Thom 
(1928), Bakke and Henson (1933), Bakke and Noecker (1933), Harri¬ 
son (1934), Carlyle (1940), Wedberg and Rettger (1941), Norman, 
Richards, and Carlyle (1941), and Carlyle and Norman (1941). 
Browne (1929, 1933), Haldane and Makgill (1934), and Hoffman 
(1935, 1940) have speculated on the relationship of microfloral heating 
to spontaneous combustion in biological materials. Most of the 
studies cited were carried out at high moisture values (usually about 
30%) where numerous types of molds, yeasts, and bacteria proliferated. 
They have indicated that two ranges of temperature exist due to micro¬ 
floral heating. The first range, attributed to the metabolic and respira¬ 
tory activity of mesophilic nonspore formers, in which class the molds 
are included, ends at about S0°--55®C, while a secondary heating to a 
maximum of 70®C is due to thermophilic bacteria. Milner and Geddes 
(1946) have emphasized that only certain mold species, namely those 
which will proliferate at relatively low humidities, are important 
in the respiratory activity of stored grain. Several writers have indi¬ 
cated that bacterial growth is not to be expected on natural products 
at humidity levels below 95%. 

With a view to obtaining more precise information on the nature 
and course of the spontaneous heating of soybeans than was available, 
the adiabatically controlled apparatus of Ramstad and Geddes (1942) 
was refined and its utility extended by the addition of apparatus for 
the control of aeration of the heating samples, in such a manner that 
the respiratory characteristics could be precisely followed. In addi¬ 
tion to studies on the spontaneous heating of normal soybeans at 
moisture levels favoring storage deterioration, adiabatic trials were 
carried out with pure cultures of microflora isolated from soybeans and 
inoculated on sterile seeds. 


Apparatus 

Two adiabatically controlled respirometer units, schematically 
represented in Figure 1, were used. The insulated air bath A con¬ 
sisted of a wooden thermostat covered with two layers of celotex. 
Dewar flask JD, which may be one quart, one pint, or half-pint in size, 
contains the seeds whose heating characteristics are to be studied. 
Copper-constantan thermopile T has 24 junctions, 12 in the seed 
sample and 12 exposed on the outside of the Dewar flask to the air 
of the bath. Slight heating of the seeds in D, causing a temperature 
differential to exist between the two ends of the thermopile, results in 
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a flow of electric current through the coil of a sensitive D*Arsonval 
galvanometer G to which a mirror is attached, which in turn rotates a 
reflected light beam from a fixed integral light source along path X 
to a photoelectric cell actuating a relay in box R, which controls heater 
coils {H) in the air bath. The air in the thermostat is circulated con¬ 
tinuously over the heaters by fan 5 and motor M through holes in the 
baffle B, When the air temperature of the bath reaches that of the 
seeds in the Dewar flask, the current in the thermopile circuit falls to 



zero and the torsion of the galvanometer coil suspension causes the 
light beam to recede from the photocell, thus interrupting the current 
to the heaters. The temperature of the air bath is thus continuously 
in step with that of the seeds in the Dewar flask, which are thus 
allowed to heat under virtually adiabatic conditions. A continuous 
curve of seed heating may be obtained over periods of days or weeks 
by simply reading the thermometer V inserted in the air bath at regu¬ 
lar intervals. Not shown in the diagram is an auxiliary heater con¬ 
trolled by an external rheostat, which is used to compensate for heat 
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losses from the system as the temperature of the apparatus rises. 
In practice, the apparatus is initially calibrated by placing warm water 
(45®-60®C) in the Dewar flask and adjusting the galvanometer suspen¬ 
sion torsion until the bath actually cools about 0.2®C in 24 hours. 
Conditions are thus not strictly adiabatic, but any possibility of the 
seeds being heated by the system in this temperature range is thereby 
avoided. At the end of a heating trial with seeds, the apparatus is 
again checked with warm water in the same manner. 

Aeration of the seeds in the Dewar flask is accomplished by the 
same system as described by Milner and Geddes (1945) in their studies 
on soybean respiration at constant temperature. Leveling bulb F 
moving downward slowly due to the slow rotation of pulley F and 
lineshaft L (controlled by a reduction gear motor and chain drive not 
shown in the diagram) causes the calcium chloride solution in the 
graduated spirometer E to fall, thus drawing outside air at a continu¬ 
ous, constant rate through the soda lime bottle N, the humidifying 
solution in C, and through the seeds in Dewar flask P. Pulley P has 
steps of various diameter, making possible daily aeration rates of from 
250 to 2,000 ml. Entering air streams were humidified by passage 
through sulfuric acid solutions of the appropriate vapor pressure to 
yield a relative humidity of the air which was in equilibrium with the 
seed moisture value (Milner and Geddes, 1945). Samples of the daily 
accumulation of respired air in E are withdrawn for analysis into gas 
sample tube Y by means of the stopcocks and mercury leveling bulb 
shown. The air samples were analyzed daily for oxygen and carbon 
dioxide using the Haldane-Henderson gas analyzer following the 
method outlined by Milner and Geddes (1945). 

To obtain information on chemical and microfloral changes in the 
heating seeds as a heating trial progressed, a number of small bottles 
(not shown in the sketch), containing subsampics of the seed used in 
the Dewar flask, were placed in the air bath and aerated by means 
of an independent siphon bottle system. By this procedure, control 
of the temperature in the air bath was accomplished by the seeds 
heating in the Dewar flask, while small samples of the same grain, 
subjected to the same temperature changes, could be removed period¬ 
ically for chemical and microfloral examination. 

AnomaJous Behavior of Thermopile-Galvanometer Controlled Adia¬ 
batic Thermostats. During the course of the present studies, it was 
noticed that calibration of the adiabatic thermostats with warm water 
to maintain either constant temperature or a slight cooling rate, at 
any given initial temperature, did not yield the same cooling rate when 
water of a different temperature was used. Thus, for example, if the 
instrument were adjusted at 25®C to cool approximately 0.1®C per 24 
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hours, the same calibration at S0®C would yield a cooling rate of about 
O.S®C per 24 hours, in spite of the fact that at both temperatures the 
fixed heaters in the thermostat maintained the temperature of the air 
to within a few degrees of that of the water in the Dewar bottle. 
Conversely, a small cooling rate adjustment at 50®C (0.1® to 0.2®C per 
24 hours) would result in slight heating of the system at 2S®C in the 
order of 0.2° to 0.4°C in 24 hours. Attempts to overcome this diffi¬ 
culty were unsuccessful. 

Among the factors investigated which might have a bearing on this 
phenomenon were: (1) thermal-electric effect in thermopiles, which is 
manifested by a nonlinear response of the thermopile current to tem¬ 
perature; (2) heat conduction along thermopile leads; (3) change of 
resistance and current of thermopile circuit with temperature; and (4) 
radiant heating effects in the system. None of these factors appeared 
to be involved in this anomalous behavior. 

This phenomenon did not nullify the value of the adiabatic tech¬ 
nique, inasmuch as its effects were recognized. Generally, the adia¬ 
batic thermostats were calibrated at 45° to 60°C to cool about 0.2° 
to 0.5°C in 24 hours. Small heating effects due to calibration were 
therefore likely to occur with seeds at the beginning of a heating trial 
at room temperature, but these were manifested by linear or slightly 
hyperbolic temperature increases. In contrast, temperature-time 
curves yielded by spontaneous heating phenomena were always ex¬ 
ponential in form. Accordingly, heating effects obtained from room 
temperature to that at which the thermostat was calibrated (45° to 
60°C) would be a composite of a slight and virtually linear heating 
effect due to the calibration anomaly, and a large and exponential 
form of heating due to biological agencies. Furthermore, heating 
effects in temperature ranges at and above the calibration temperature 
(45° to 60°C) are not only entirely due to spontaneous thermogenic 
processes in the seeds, but are at the same time underestimations of 
the true maximum heating potential, inasmuch as the heat loss from 
the system increases as the temperature exceeds the calibration 
temperature. 

Materials and Methods 

Materials. The soybeans used in this study included: (1) a sound 
sample of Illini soybeans of the 1942 crop, testing 94% germination, 
grown in Illinois, and (2) an exceptionally sound, well-matured sample 
of Wisconsin Manchu soybeans grown for seed purposes at University 
Farm, St. Paul, Minnesota, in 1943, and testing 93 to 95% germination. 

METHODS: 

Conditioning Soybean Samples. The seed samples were condi¬ 
tioned to the required moisture levels by the direct addition of water; 
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moisture values were determined by means of a two-stage method as 
described in a previous communication (Milner and Geddes, 1945). 

Examination of Soybeans for Fungi, Estimation of the number of 
seeds in a given sample infected with molds, as well as identification 
of the prevalent mold types, was carried out by the surface-sterilization 
and plating technique described by Milner, Warshowsky, Tervet, and 
Geddes (1943). 

Chemical Analyses, Analyses for crude protein, crude ether ex¬ 
tract, and for total, reducing, and nonreducing sugars were carried out 
on finely ground soybean samples by the methods outlined for wheat 
flour in Cereal Laboratory Methods (4th ed., 1941). Nonprotein 
nitrogen was measured hy the trichloracetic acid method described by 
Becker, Milner, and Nagel (1940). 

Spontaneous Heating and Respiration of mini Soybeans 

A study of the spontaneous heating and the respiratory phenomena 
exhibited by Illini soybeans was carried out with a sample weight of 
550 g of seed at an initial moisture value of 22.8% (equilibrium relative 
humidity approximately 92%). A number of 100-g portions of the 
same bulk sample in small bottles were placed in the air bath and inde¬ 
pendently aerated for the purpose of sampling the seeds at various 
stages in the heating trial. 

The data for this trial are given graphically in Figure 2. In this 
and subsequent figures, the scale for daily rates of carbon dioxide 
production is shown on the left margin while that for the daily recorded 
temperature is shown on the right. An additional graph for the respir¬ 
atory quotients is shown at the top of each figure. Chemical and 
germination values, and the degree of microfloral infection, at various 
intervals in the trial, are shown in Table 1. 

The initial aeration rate of 2,000 ml per day proved to be insuffi¬ 
cient, as respiratory inhibition was apparent from the slope of the 
respiration curve during the first few days. On the seventh day when 
the interseed air carbon dioxide and oxygen values had reached 18,8% 
and 2.2%, respectively, the aeration rate was doubled by increasing 
the speed of the aeration device, and samples of the respired air were 
accordingly taken twice daily until the end of the experiment. 

The moisture content of the seeds in the Dewar flask at the end of 
the trial was 22.1% (initial value 22.8%). The initial and final 
weights of the sample at these moisture values were 550 and 542.5 g, 
respectively, representing dry matter weights of 428.4 and 424.6 g. 
The apparent dry matter loss during the trial was therefore 3.8 g. 

A calibration check of the adiabatic thermostat at the end of the 
trial showed it to be cooling at the rate of 0.3®C per 24 hours from an 
initial water temperature of 55.8°C. 
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The data show clearly that the parallel increases in temperature 
and carbon dioxide production are associated with an increasing mold 
population until a temperature of 50®C is reached. At this point, 
thermal killing of the biological respiratory agencies sets in with a 
corresponding rapid decrease in respiration. During this initial heat- 
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Fig. 2. The course of spontaneous adiabatic heating, respiration, respiiatory Quoti^t 
eafbibited by lUini soybeans, under adiabatic conditions, at 22.8% moisture. The aeration was doubled 
on the seventh day. 
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ing phase the respiratory quotient approaches a value of 1.0 which in 
this case was attained immediately prior to thermal killing. This 
regular increase in the respiratory quotient is probably indicative of the 
increasing contribution of the molds to the total respiration, as pointed 
out in previous studies at constant temperatures by Milner and 
Geddes (1945). As the temperature increased beyond this point, the 
respiratory quotient rose sharply to a value in excess of 2.0, and then 
decreased as rapidly, this decrease coinciding with the thermal killing 
of the seeds and molds. At this point, the strong sour odor, charac- 

TABLE I 

lNFLUE^CE OF SPONTANEOUS HEATING ON CHEMICAL COMPOSITION, MiCROFLORAL 

Infection, and Germination of Illini Soybeans 


Days 

Temp. 

Chemical analyses 

Micro- 

flora 

Germ- 

uiation 

Crude 
protein 
(N X 
6.25 
dry 
basis) 

Non¬ 

protein 

nitro¬ 

gen 

Sugars 

Crude 

ether 

extract 

.Wry 

basis) 

Seeds 

in¬ 

fected 

with 

fungi^ 

Total! 

Non¬ 

reducing 

as 

sucrose 

Reduc¬ 
ing as 
glucose 

Reduc¬ 
ing as 
% of 
total 


“C 

% 

mg! 10 g 

mgjlOg 

mgllO g 

mg/10 g 

% 

% 

% 

% 

0 

24.4 

35.4 

22.4 

444 

400 

44 


21.6 

3 

93 

3 

29.4 

35.4 

21.2 

Kina 

378 

32 

7.8 

19.5 

11 

73 

5 

37.1 

35.8 

21.2 

405 

373 

32 

6.9 

20.2 

16 

52 

7 

44.4 

35.1 

22.2 

378 

347 

31 

8.1 

20.2 

27 

30 

8 

49.3 

35.2 

23.6 

433 

382 

51 

11.8 


64 

0 

10 

S3.7 

35.4 

28.2 

417 

334 

83 

19,9 

19.4 

40 

0 

12 

5S.1 

35.7 

34.7 

491 

245 

246 

50.1 

15.3 

14 

0 

13 

55.2 

35.8 

32.4 

438 

251 


42.6 

14.9 

13 

0 

15 

59.7 

36.1 

32.3 

443 

226 


48.9 

13.6 

9 

0 

17 

67.3 

36.3 

35.7 

432 

172 

260 

60.3 

12.0 

0 

0 

19 

77.0 

36.6 

35.0 1 

291 

27 1 

264 

90.8 


0 

0 

Dewar® 











flask 


36.6 

37.7 

310 

59 

251 

81.0 

11.2 

0 

0 


^ Sum of sucrose and glucose. 

» The majority of the fungi were AspergiUus spp 
3 Sample analyaed after 19 days. 


teristic of heating grain, first became apparent in the respired gases. 
The inhibition of the biological respiratory agencies caused the heating 
curve to reach a plateau; after a few days, however, a secondary phase 
of spontaneous heating accompanied by an increase in carbon dioxide 
production appeared. In view of the complete fungal sterility of the 
seeds after the 15th day (Table I) this can be ascribed only to spon¬ 
taneous chemical oxidation.^ In this stage the rapidly increasing 
rates of heating and carbon dioxide production gave no signs of re¬ 
versal, or that their upper limits had been reached when the experi- 

4 SubseQuent experiments showed that the bacteria indigenous to these soybeans would not pro¬ 
liferate at this humidity level. 
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ment was terminated on the 19th day. In this last stage of spontane¬ 
ous chemical heating, the respiratory quotient, which had fallen to 
extremely low values (0.4 to 0.5) following thermal inactivation of 
respiration, rose slowly as the chemical heating increased. It is 
noteworthy that this range of 0.4 to 0.5 in the respiratory quotient 
agrees precisely with the values obtained by Milner and Geddes (1945) 
in respiratory trials with soybeans at 50°C. 

These results serve to elucidate the cause of failure of previous 
studies on microbiological thermogenesis and spontaneous heating to 
yield temperatures exceeding 55®C where molds or mesophilic bacteria 
are the cause of heating, or above 70®C where thermopiles are involved. 
The plateau reached by the heating curve due to the cessation of bio¬ 
logical respiration indicates that rather strict adiabatic conditions 
must be maintained in order that the spontaneous chemical oxidation, 
which is very weak at these low temperatures, may be allowed to 
develop. Sallans, Sinclair, and Larmour (1944) carried out studies on 
the spontaneous heating of flaxseed and sunflower seed in an adiabati- 
cally controlled thermostat based on the design of Working as described 
by Ramstad and Geddes (1942). A maximum temperature of only 
52®C, a value within the mold thermal death range, was attained. 
It would appear that adequate aeration was not provided. These 
workers point out that under conditions of oxygen starvation, a regular 
relationship between heating and respiration rate as measured by 
carbon dioxide production is not to be expected. However, in the 
present studies where aeration was usually sufficient to maintain 
interseed carbon dioxide concentrations below levels inhibitory to 
respiration (Milner and Geddes, 1945), a direct relationship between 
temperature and respiratory increases was observed. 

Carlyle and Norman (1941) also used an adiabatically controlled 
thermostat in their studies on microbial ihermogenesis. These work¬ 
ers were unable to show heating beyond 70®C in experiments involving 
thermophilic bacteria growing on hay at 100% relative humidity. 

The present study seems to add confirmation to the data and 
theories of Haldane and Makgill (1934) and Hoffman (1935,1940) con¬ 
cerning the phenomenon of spontaneous chemical oxidation. The 
former writers held moist hay at temperatures just beyond the thermal 
death point of microorganisms and found that the gas exchange of the 
chemically oxidizing material was characterized by a very low respira¬ 
tory quotient. Hoffman confirmed this observation, but showed in 
addition that previously heated sterile hay would give increasingly 
higher respiratory quotients if held at successively higher tempera¬ 
tures. Both of these observations are capable of explanation from the 
data obtained in the present trial with soybeans, in which the heating 
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beyond the microfloral death range was entirely spontaneous. At 
temperatures slightly above that required to kill molds (S0®~5S®C), 
the respiratory quotients were very low (0.4 to 0.5), indicative of 
strong oxygen absorption and low carbon dioxide evolution. Higher 
temperatures apparently cause a breakdown of the previously formed, 
highly oxidized materials to yield a strong evolution of carbon dioxide. 
The oxygen requirement for complete oxidation in this stage would be 
correspondingly low, with the result that the respiratory quotient 
would rise. 

The germination data, chemical analyses, and degree of mold 
infection (Table I) obtained on samples removed at various stages 
during the trial lend support to the foregoing interpretation of the 
heating and respiratory changes. The slight increase noted in the 
protein content is probably a reflection of a decrease in sample dry 
matter weight due to selective respiratory utilization of carbohydrates. 
Total sugars show a slow decrease in the initial biological heating stage 
to 49.3®C followed by a sharp rise in the initial phase of spontaneous 
chemical heating. This increase may only be an apparent one since 
it might well be due to thermal cleavage of large carbohydrate mole¬ 
cules such as sucrose, stachyose, raffinose, and pentosans, to yield 
numerous small reducing fragments. Such reducing fragments would 
absorb oxygen strongly which might account in large measure for the 
low respiratory quotient of the gas exchange in this phase. The 
succeeding heating period then brings about a rapid decline in total 
sugars. Nonreducing substances calculated as sucrose show a slow 
decline in the biological stage of heating and a marked decline as 
chemical heating sets in. Reducing substances similarly decline 
slightly in the biological heating phase but increase drastically at the 
expense of the nonreducing carbohydrates in the region of spontaneous 
chemical heating. The reducing sugar values in this phase may be 
an index of the thermal oxidative cleavage already discussed. 

The crude fat fraction showed virtually no change until the tem¬ 
perature-time curve reached a plateau signifying the end of biological 
respiration. From this point the extractable oil fell sharply from 
20.3% to 10.5% at the end of the trial when the temperature had 
reached 77®C, If it were assumed that this loss of oil were due to 

respiration, a disappearance of ^ 428.4 or 42.0 g of dry 

matter would be expected. As indicated previously, the actual loss 
of dry matter was only 3.8 g. Assuming a respiratory quotient for 
carbohydrates of 1.0, the total carbon dioxide evolution over the 
course of the trial would require a loss of 6.1 g in dry weight. It must 
be concluded that not only was the oil fraction not materially dimin- 
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ished, but that the loss of carbohydrate was less than would be ex¬ 
pected on the basis of carbon dioxide evolution. It seems possible 
that the low respiratory quotient of the gas exchange which, occurred 
following biological inhibition may in part be associated with an ab¬ 
sorption of oxygen by the unsaturated soybean oils, to yield oxidation 
polymers. Such polymers would be only slightly soluble in petroleum 
ether. 

This experiment indicates that the initial stage of heating in damp 
seeds may be largely attributed to mold activity. The temperature 
at which biological respiration was inactivated corresponds closely 
to that found by Carlyle and Norman (1941) for several mold species 
which they designated as mesophils. The study has experimentally 
demonstrated that spontaneous heating occurs in biological materials, 
following the thermal killing of the microflora initially present. 
Browne (1933) has pointed out that this heating due to spontaneous 
chemical oxidation, if allowed to continue without heat dissipation, 
results in spontaneous ignition at about 280®C. 

Replicability of Spontaneous Heating Studies 

The heating and respiratory phenomena exhibited by duplicate 
samples of damp soybeans were studied on completion of a second 
adiabatic apparatus which was put into operation following the first 
heating experiment. For this study, two one-pint Dewar flasks and 
mini seed samples of 250 g were used, in order to assure adequate 
aeration at the 2,000 ml daily rate through the entire course of the 
trial. The soybean sample was conditioned to 18.4% moisture (85% 
relative humidity) over only a 24-hour period as contrasted to the 
three-day conditioning period used in the previous trial. 

The data shown graphically in Figure 3 followed closely the pattern 
of respiratory and heating phenomena shown in the first trial, and 
demonstrated that excellent replication is possible. This experiment 
revealed that when soybean seeds are placed into respirometer bottles 
rather promptly after conditioning, a respiration lag period is shown. 
In addition, the phenomenon of high initial respiratory quotient, 
which Milner and Geddes (1945) found was associated with the release 
of carbon dioxide from freshly wetted soybeans, appears. 

Influence of Heavy Inocuk of Microflora on the 
Heating and Respiration of Normal Soybeans 

To study the influence of heavy inocula of microflora on the spon¬ 
taneous heating of normal seeds showing low microfloral contamination, 
a 2S0-g portion of the high quality Wisconsin Manchu seed was condi¬ 
tioned with sterile water to 18.0% moisture (84% relative humidity) 
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while a similar subsample received the same volume of an aqueous 
suspension of microflora representative of the variety of species 
present in the normal seed, which had been previously isolated from 
soybeans and propagated in pure culture. The inoculum included 
spores of Aspergillus flavus, A. ochraceus^ A. glaucv^^ A. fumigatus, 
a PeniciUium spp., a brown Aspergillus isolated from soybean meal, 
as well as broth cultures of unidentified bacteria from discolored soy- 
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bean cotyledons, Bacillus mesentericus, and unidentified rod-shaped 
bacteria obtained from soybeans used in the previous study. Smaller 
portions of both seed lots in small bottles were placed in the respective 
air baths, and independently aerated as in the first trial. 

As indicated in Figure 4, both the inoculated and noninoculated 
seed showed very slow initial heating; significant increases in tempera- 



Fig. 4. The spont^eous adiabatic heating and respiratory charactenstics of Wisconsin Manchu 
soybeans at 18.0% moisture and of the same seed heavily inoculated with muted microflora. The 
t^ for the nonmoc^t^ seed was discontinued on the 12 th day. The curve for the respiratory 
quotients applies to the inoculated sample. 
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ture and respiration occurred only after the eighth day. From this 
time to the 12th day the course of the heating and respiration was 
virtually identical for both. The probable reason for this common 
trend became apparent when on the 11th clay, subsamples from both 
lots were removed and the seeds were cultured in sterile petri dishes. 
Both the inoculated and noninoculated seed gave rise to a grey-green 
Aspergillus tentatively identified as A, glauciis. 

Unfortunately the control device for the adiabatic respirometer 
containing the noninoculated sample failed on the 13th day. The 
samples of seed removed from both respirometers at this time were 
100% contaminated with the grey-green mold previously noted. The 
data for the 13-day period showed the inoculated and noninoculated 
samples to be heating and respiring at virtually the same rate, and it 
seems quite probable that both samples would have continued to heat 
and respire in a similar manner thereafter. It was clear that the 
noninoculated sample, which in a dry state before conditioning showed 
only 5% of the seeds to be infected by A. glaucus, quickly developed 
100% infection by this fungus when conditioned and held in the adia¬ 
batic apparatus. 

Study of the inoculated sample was continued for 34 days, by which 
time the heating was progressing so rapidly that in the 24-hour interval 
between the 33rd and 34th days the temperature increased 11.5®C. 
The temperature at this time was 101®C and was increasing at a 
rapidly accelerating pace. Marked distillation of water from the 
system was underway while carbon dioxide concentration in the inter¬ 
seed air had risen to 21%. Increased aeration could not be provided. 
In view of these factors and the nonfire resistant construction of the 
apparatus, it was deemed hazardous to carry the study to higher 
temperatures. There seems little question that if adequate aeration 
could have been provided, ignition temperatures would have been 
reached in a few days. 

Continued microfloral examination of the seeds in the course of the 
trial revealed that the grey-green mold A, glaucus proliferated more 
readily than all other mold species in the inoculum. Thus by the 17th 
day when the temperature was 40.1®C, the seeds showed 100% infec¬ 
tion by molds, 95% being A, glaucus. On the 19th day (temperature 
45.6®C) the only mold arising from the seeds, still 100% infected, was 
A. glaucus. On the 21st day (51®C) no viable molds were found. 

Bacterial infection, consisting mainly of B. mesmUricm, decreased 
in terms of the percentage of seeds infected following the 17th day, but 
persisted on 15% of the seeds to the 32nd day when the temperature 
was 80®C. At the end of the trial (101®C) all the seeds were sterile. 
It must be stressed that no estimate was made of the number of 
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bacterial cells. However, no visual evidence of bacterial proliferation 
on the samples was noted at any time, in contrast with the heav>^ 
mycelial growth shown by the molds prior to thermal killing. In a 
subsequent experiment, six unidentified bacterial species, which were 
isolated from the interior tissues of soybeans and grown in pure culture, 
were used to inoculate autoclave-sterilized soybeans containing 21% 
moisture (90% relative humidity at 25°C). No heating or respiration 
attributable to bacterial growth at this humidity level was noted. 

Certain points of difference in the respiration and heating charac¬ 
teristics of the mini and Wisconsin Manchu soybean seeds are to be 
noted. The Wisconsin Manchu seed showed a very long lag period 
both for heating and carbon dioxide production as compared to the 
mini sample used in the previous trial. Similarly, the Manchu 
seed showed a considerably lower maximum biological carbon dioxide 
production rate (106 mg as compared to 200 mg) at approximately the 
same moisture value. It might be inferred that this particular sample 
of high quality Wisconsin Manchu soybeans provided a less hospitable 
medium for the molds than did the Illini sample. 

Influence of Surface Sterilization and Mold Inoculation on the 
Spontaneous Heating and Respiration of Soybeans 

The results of the previous trial showed that even the slight micro¬ 
floral contamination of untreated normal soybean seeds yielded as 
rapid mold proliferation, respiration, and heating, as did heavy inocula 
of microflora. In an attempt to inhibit the growth of the normal seed 
microflora in order to study seed respiration and heating in the ab¬ 
sence of that due to the molds, a lot of the Wisconsin Manchu soybeans 
was sterilized by shaking in a solution of mercuric chloride (1-1,000) 
for one-half minute. After decantation the seeds were washed for 
one minute with sterile water and allowed to drain. After 14 hours 
in a sealed jar, the moisture value of the seed was 19.7% (equilibrium 
relative humidity 87%). A 2S0-g sample was transferred to a sterile 
Dewar flask and smaller portions were placed into sterile 8-ounce 
bottles for insertion into the adiabatic respirometers for a respiration 
and heating trial. Another portion of the same sterilized, conditioned 
seed was heavily inoculated with spores of a pure culture of A . j^avtcs 
and the respiratory and heating characteristics studied in the other 
adiabatic respirometer. 

The respiration and heating data are presented in Figure 5. The 
surface-sterilized and surface-sterilized reinoculated seeds heated and 
respired in a virtually identical manner. As the trial proceeded, 
bo^ seed lots proved to be contaminated with A . Jlavus and A . glaucus^ 
the percentage of seeds infected being similar for both at similar time 
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TIME — DAYS 

I^ig 5 The &pon^eou8 adiabatic heating and respiratory charactenstics of surface btenlized 
V^jwnam Manchu soybeans at 19 7% moisture and of the same seed moculated with AspergiUus 

periods. It was apparent that surface sterilization by the technique 
used was ineffective against mold contaminants, which apparently 
existed well within the seed coats and were unaffected by sterilization 
at the surface. This result is in complete agreement with the observa¬ 
tion of Mead (1941) who found that seeds treated with mercurial 
dusts or formalin to kill surface microfloral contaminants would sub¬ 
sequently yield growths of mold, arising from the more deep-seated 
infections, when cultured on moist media. 
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Spontaneous Heating and Respiration of Autoclave*SteriIized 
Soybeans with and without Mold Inoculation 

The failure of the surface sterilization technique to provide a means 
of studying independently the respiration due to molds and seeds 
suggested a trial involving the inoculation of sterile seeds with molds 
to obtain data on the respiration and thermogenic behavior of the 
microorganism itself. It was also of interest to investigate the minimal 
temperatures at which the secondary spontaneous chemical heating 
phase would occur. 

An adiabatic heating and respiration trial was conducted on a 
conditioned lot of the Wisconsin Manchu seed which had been auto¬ 
claved for one hour at 120®C (together with the requisite Dewar 
flasks, glass wool-plugged connections, 8-ounce bottles, and other ac¬ 
cessories) and then inoculated with spores of a pure culture of A,Jlavus. 
A subsample from the same lot of autoclaved seeds, but uninoculated, 
was used in the other adiabatic apparatus. The moisture content of 
this grain was 20.4% (89% relative humidity). 

Samples of both lots of seeds removed from the sterile 8-ounce 
bottles on the seventh day of trial showed the inoculated seeds to be 
100% contaminated with A.flavus^ while the sterilized noninoculated 
seeds were completely sterile. 

The respiration and heating data for this trial are given in Figure 6. 
The course of the carbon dioxide evolution, due entirely to the metab¬ 
olism of the mold A.flavtis, is almost identical to that given by normal 
seed where the organism was a natural contaminant. The heating 
curve shows similar characteristics to that of normal seeds, including 
the attainment of a plateau resulting from the thermal death of the 
microflora, which is followed by secondary heating due to chemical 
oxidation. The curve for the respiratory quotients is somewhat 
different in that the sharp peak yielded by normal seeds following 
biological thermal killing is absent. This phenomenon seems to be 
associated with temperature-induced evolution of carbon dioxide 
from initially normal seeds, and is therefore not related to the respira¬ 
tory exchange or the thermal death of the mold population. 

The apparent slight heating shown by the sterile seeds in the first 
13 days of the trial is ascribed to the calibration anomaly previously 
discussed. No detectable carbon dioxide evolution appeared in this 
temperature range (22® to 2S®C). To ascertain if chemical heating 
was possible without initial biological activity, the auxiliary heaters 
of the thermostat containing the sterile seeds were turned on for a 
short period, thus raising the temperature of the seeds in the Dewar 
flask to 31.1®C; the thermocouple control was then reestablished. 
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Subsequently, similar temperature increases were applied, as shown 
in Figure 6. 

The slight temperature increase beginning at 31.1®C (13th to 21st 
day) may be accounted for by the calibration anomaly; however, 
detectable amounts of carbon dioxide in the order of 0.5 mg per 100 g 
diy matter weight appeared. At 40.S®C (22nd day) no temperature 
change was recorded over a two-day interval, but the carbon dioxide 



Fig. 6. The spontaneous axiiabetic heating and respiratory characteristics of autodav^teriliz^ 
Wisconsin Manchu soybeans at 20.4% moisture* and of the same seed remoculated with AspergUlus 
fiamts. In the latter case, the sample was ar^dally adjusted to different temperatines after vamus 
tii^ "intervals and the spontaneous heating at each temperature level determined for eewal days. 
The R-Q. curve shown as a dottedjine^psrtains to the mold-inoculated sample; the curve for the stenle 
samplels shown asja sc^ line. 
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production rose to 1.2 mg. The constant temperature during this 
interval indicated this temperature to be close to the value at which 
virtually adiabatic calibration conditions existed, and that a balance 
existed between heat production and loss. 

At 53.8®C (27th day) definite spontaneous heating was noted, 
the carbon dioxide production being 4.7 mg. Even stronger spon¬ 
taneous heating appeared at 60®C, a temperature where cooling would 
occur on calibration. The mean carbon dioxide production for the 
three days following establishment of this temperature was 10.2 mg. 
The respiratory quotient of this gas exchange was 0.4, corresponding 
to that shown by normal or autoclaved inoculated seeds in the initial 
ranges of spontaneous chemical heating, following the thermal in¬ 
activation of biological agencies. This experiment demonstrates that 
carbon dioxide production due solely to chemical oxidation occurs in 
the temperature range where microorganisms are active, and that 
spontaneous heating due to chemical oxidation is possible at higher 
temperatures even without the normal preliminary activity of the 
microorganisms. 

Discussion 

Two distinct ranges of temperature increase have been shown to 
occur with dormant soybeans heating spontaneously under adiabatic 
conditions at humidity levels sufficiently high as to favor the prolifera¬ 
tion of mold fungi, yet too low to cause bacterial growth. The first 
heating phase, which is a consequence of the respiration and metab¬ 
olism of the proliferating molds, ends when the thermal death range 
(S0®“55®C) of these microflora is reached. The species Aspergillus 
glaucus and A. flavus were primarily involved. The second heating 
stage, concealed in its lower range under natural conditions by the 
upper temperature range achieved by the molds, appears clearly at 
temperatures higher than the thermal death range of the molds and 
seeds. The fact that autoclave-sterilized seeds would heat and pro¬ 
duce carbon dioxide spontaneously, in a manner directly similar to 
normal seeds where preliminary microfloral activity occurs, indicates 
that this secondary heating cannot be ascribed to enzymic or other 
biological phenomena. Under adiabatic conditions and with sufficient 
aeration, this secondary spontaneous heating due to nonbiological 
oxidation apparently has no upper limit short of the ignition tempera¬ 
ture of the seed materials. 

The present studies have shown that a close parallelism between 
rate of heating in terms of temperature increment and carbon dioxide 
production exists in all stages when adequate aeration is provided. 
This is evident from a comparison of the daily temperature increments 
with the respiratory rates. 
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The inadequacy of surface sterilization techniques in preventing 
growth of the contaminating mold spores precluded study of seed 
respiration itself. On the other hand, heating studies conducted by 
inoculating autoclave-sterilized soybeans with spores of a pure culture 
of Aspergillus flavus showed that the molds are primarily responsible 
for the characteristic course of spontaneous heating and respiration 
noted with normal soybeans. Except for certain minor respiratory 
phenomena, such as a brief initial evolution of carbon dioxide due to 
wetting of the seed, and a similar dissipation of this gas immediately 
following the thermal death point of the seeds as evidenced by a sharp 
peak in the respiratory quotient, the respiration of the dormant seed 
seems to play virtually no part in the heating. Under practical condi¬ 
tions, other than those where the moisture content would be sufficiently 
high to cause seed germination, the respiration of the seed itself is 
insignificant in storage and heating phenomena. 

Of the changes in the various chemical factors in the seeds which 
were assayed at intervals in the course of the heating trials, the most 
notable was the decrease in the petroleum ether soluble fraction which 
occurred in the temperature range of spontaneous chemical heating. 
The data indicate that this loss of oil is only an apparent one since no 
consequent loss of dry matter weight takes place. This effect is 
probably due to oxidative and thermal polymerization of the un¬ 
saturated seed oils, rendering them less soluble in petroleum^ ether. 
This phenomenon may be responsible for the ease with which spon¬ 
taneous chemical heating occurs in soybeans, following thermal in¬ 
activation of the biological thermogenic agencies. 

It is speculated that the apparent increase in total reducing sub¬ 
stances with the onset of chemical heating may be due to thermal 
cleavage of carbohydrate molecules to yield numerous smaller reducing 
fragments of high oxygen-absorbing capacity. Such carbohydrate 
degradation products might be classed with the pyrophoric compounds 
whose formation as a preliminary to spontaneous combustion has been 
postulated by Miehe (1911) and Browne (1929). 

Summary 

Spontaneous heating and associated respiratory characteristics of 
soybeans at humiditj^ levels favorable to mold growth but unfavorable 
to bacterial proliferation were studied in an apparatus which main¬ 
tained continuously controlled adiabatic and aeration conditions, over 
time intervals up to 37 days. An initi al ten ^rature increase to 
50°-55®C and parallel respirat or^ jnerease were dire ctly associated 
with tfie“proIiferation of thej^lds A^rgilli^ A.flwims. 

A secondary spontaneous heating phase due to nonbiological oxid^ 
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tion was ^en^nsj^t^,_whi^ appeared to have no limit sh,ort of 
ignition te mperatur es, and was close ^ paralMed i^y-'^ie^xten t of 

carbon dioxide evolution: -- 

Surface sternizafibiTof the seeds failed to eliminate mold infection, 
whereas inoculation of autoclave-sterilized soybeans with spores of 
Aspergillus flavus yielded heating and respiration curves virtually 
identical to those of normal seeds. 

Spontaneous heating of sterile seeds in which no microfloral ac¬ 
tivity had occurred was demonstrated. Chemical chang es in the heat¬ 
ing seeds assayed at int erval e in the c ou rse of the tri^s indica ted a 
disappearance of total sugars in the initial biological phase of heating 
and an~incre ase ~ia reducing su bstances^ in t he^^initial spontaneous 
chem ical hea ti ng phase^ The petroleum ether-soluble fraction re- 
mained virtual!^ unchanged in the biological heating stage but de¬ 
creased markedly in the chemical heating phase, without a corre¬ 
sponding loss in dry matter content of the seeds. 

Respiratory quotients associated with the gas exchange during the 
spontaneous chemical heating phase suggest the occurrence of ther¬ 
mally induced oxidative cleavage of carbohydrates as well as oxidative 
polymerization of the seed oils. 
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THE EFFECT OF PRESSURE ON MACARONI DISCS; 

SIZE AND NUMBER OF AIR BUBBLES IN 
RELATION TO LIGHT TRANSMISSION» 
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and L. D. Sibbitt® 

(Received for publication April 17, 1946) 

All macaroni products normally contain air bubbles. Air is intro¬ 
duced in the process of mixing the doughs, but bubbles cannot be found 
on the surface of macaroni products, perhaps because of surface 
tension. Microscopic examination of the fractured surfaces, however, 
reveals numerous bubbles, 200 to 400 /z in diameter. This paper 
presents evidence that the size and number of these air bubbles are 
related to the translucency of the finished macaroni* 

Translucency is very important in macaroni products. The endo¬ 
sperm of a vitreous wheat kernel is translucent (Alsberg, 1939), and 
even individual starch grains under the microscope are translucent. 
However, the appearance of translucency to the naked eye is lost in 
processing the semolina and not recovered until pressure is applied to 
the dough. 

The significance of pressure in developing translucency was pointed 
out by Fifield, Smith, and Hayes (1937) in describing the macaroni 
disc method, a technique proposed for studying the quality of small 
samples of durum. Cunningham and Anderson (1943a) studied the 
effects of processing conditions on paste properties of macaroni discs 
as measured by the optical coefficient of opacity. They concluded 
that pressing, mixing, and absorption had the greatest influence on 
opacity (or translucency). The latter workers used bubble size in 
determining the pressure needed to yield an internal structure com¬ 
parable with that of commercial macaroni products. They suggested 
that longer mixing time increases opacity chiefly because it increases 
the number of minute air bubbles incorporated into the paste. 

Before pressing, macaroni dough is dull in color, resembling putty, 
and the first few inches of the extruded product from the die are still 
white in color and opaque. Gradually, however, as more material is 
extruded this color becomes clear and translucent. Microscopic 
examination of the internal structure of this macaroni shows that the 

^ Joint contribution from the Division of Cer^ Crops and Diseases, Bureau of Plant Industry, 
Soils, and Agricultural Engineering. Agricultural Research Administration, U. S. Department of 
Agriculture, and the Department of Cereal Technology, North Dakota Agricultural Experiment 
Station. 
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cultural Engineering, field headquarters at Fargo. North Dakota. 

3 Cereal Technologist, North Dakota Agricultural Experiment Station. 

* Research Assistant, Department of Cereal Technology, North Dakota Agricultural Experiment 
Station. 
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Opaque section is honeycombed with numerous small bubbles, while 
the translucent section contains relatively few large bubbles. This 
observation reveals the significance of lime as well as pressure in rela¬ 
tion to translucency of the finished product. Accordingly, the experi¬ 
ments reported in this paper were conducted to determine the effects 
of varying both intensity and duration of pressure upon translucency 
and associated bubble size and number. A third variable, durum 
variety, was introduced because of the importance of color character¬ 
istics in breeding new varieties. 

Materials and Methods 

The semolinas used in this study represented six varieties of durum 
grown in the 1943 wheat variety field plots at Langdon, North Dakota. 
They ranked from good to poor in quality in the following order: 
Carleton, Mindum, Stewart, Ld. 153, Kubanka-314, and Monad. 

In the experimental method of processing tube macaroni (Fifield, 
1934; Binnington and Geddes, 1936; and Harris and Sibbitt, 1942) it 
is not feasible to vary pressure because the dough is constantly chang¬ 
ing in volume. Furthermore, the shape of conventional macaroni 
products is not suitable for objective measurements of light transmis¬ 
sion and the true internal structure is masked by the roughened surface 
caused by friction with the die. On the other hand, the macaroni disc 
method of Fifield et al., 1937 (the '‘micro test*^ of Cunningham and 
Anderson, 1943) is much more suitable for experimental study of the 
fundamental factors involved in macaroni manufacture. Any range 
of pressure or time can be applied, dough volume is approximately 
constant, the thin disc is convenient for measurements of color char¬ 
acteristics or light transmission, and the surface is not modified by 
friction. 

Equipment available for these experiments was similar to that 
described by Fifield et al. (1937). Procedure in general was as follows: 
30 g of semolina was used with 30% absorption and 120 revolutions of 
the mixer, followed by sheeting 30 times. Two discs were pressed from 
each sample. Drying was judged complete after two days between 
smooth faces of corrugated paper. Four pressures, 1,250,1,500, 2,000, 
and 3,000 pounds per square inch for time periods of 20, 60, and 240 
seconds, were chosen after preliminary experiments to determine 
what combinations would give the desired ranges in translucency. A 
lower range gauge would have been preferable to give more sensitive 
readings at still lower pressures, but at the time the work was under¬ 
taken only the 10-ton gauge was available. 

Bubble numbers and diameters were determined under a microscope 
with an eyepiece micrometer at magnifications ranging from 17 to 430 
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diameters, as required by the various sizes of bubbles. Ten readings 
were made for each of the twin discs. Bubble counts were calculated 
to the number per 10 squares in the eyepiece reticule at 17 X, which 
actually lepresented 6 94 square millimeters. Under the microscope 
it was possible to take bubble counts only in two dimensions. The 
square root of the number thus counted corresponds to the cube root 
of the number present in three dimensions To facilitate graphing the 
data, bubble number was tabulated and shown in terms of the cube 
root of the number present in three dimensions Diameter of bubbles 
was calculated to microns Translucenc\ of the discs, or the amount 



ibig 1 Photo clectnc coll assembly for measuring light transmission of macaroni discs 

of transmitted light that could pass through them, was measured 
with a photo-electric cell in terms of galvanometer scale units. The 
photo-electric cell assembly is illustrated in Figure 1. It consisted of 
a photronic cell wired to a galvanometer with a resistance box con¬ 
nected in parallel. The cell was placed facing the light source at a 
distance of 12 inches. The aperture of the cell was smaller than the 
discs to be measured. The most translucent macaroni disc was first 
held over the cell, and the resistance adjusted to give a maximum 
reading on the galvanometer. All discs were then read at this re¬ 
sistance. The light source was a small laboratory spotlight using a 
100 watt bulb. 
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Experimental Results 

Increasing duration and intensity of pressure on the macaroni 
discs caused the minute air bubbles to coalesce, reducing their number, 
thus increasing their size and augmenting the translucency of the discs. 

Number of Bubbles, Table I presents data on the (cube root of) 
average bubble number for the six varieties at the various pressure and 
time period treatments. 

TABLE I 

Effect of Pressure Applied for Various Times on Average 
Bubble Numbers 


Pressure 

Time 



Average bubble numbers i 



Carleton 

Ld. 153 

Mlndum 

Stewart 

Monad 

Kubanka 

Average 

lb 

none 

sec 

none 

77.8 

67.4 

70.4 

70.4 

66.1 

65.6 

69.6 

1,250 

20 

23.0 

23.9 

23.5 

23.2 

24.2 

23.5 

23.6 

1,500 

20 

9.7 

10.0 

10.1 

9.6 

10.2 

9.7 

9.7 


20 

4.7 

4.9 

4.6 

4.7 

4.7 

4.6 

4.7 


20 

3.1 

3.5 

2.7 

3.0 

3.4 

3.1 

3.1 

1,250 

60 

14.1 

13.9 

12.8 

14.3 

13.8 

13.5 

13.7 

1,500 

60 

4.6 

5.7 

4.3 

5.1 

4.5 

4.3 

4.8 

2,000 

60 

3.5 

3.9 

3.6 

3.6 

3.2 

3.4 

3.5 

3,000 

60 

2.4 

2.8 

2.9 

2.7 

2.3 

2.3 

2.6 

1,250 

240 

4.0 

5.1 

4.4 

4.0 

3.8 

3.4 

4.1 

1,500 

240 

3.2 

3.4 

3.2 

3.0 

3.0 

2.6 

3.1 

2,000 

240 

2.9 

2.9 

3.0 

2.7 

2.3 

2.7 

2.8 

3,000 

240 

2.1 

2.2 

2.4 

2.1 

2.1 

1.7 

2.1 

\"arietal averages 

11.7 

11.5 

11.4 

11.4 

11.0 

10.8 

11.3 


1 Bubble numbers are expressed as cube root of average number determined in a disc volume ot 
18.S cubic millimeters, 10 counts in each of twin discs for each variety treatment. 


The relation between average number of bubbles and the pressure 
applied to the discs is curvilinear. The curves have been drawn to 
show an initial (dotted section) lag which was clearly evident when 
using pressures below 1,250 pounds as registered by a low pressure 
gauge in supplementary experiments. This is interpreted as the 
''yiM value’’ (Gortner, 1938) characteristic of all plastic systems. 
After the lag period is overcome, the number of bubbles decreases 
greatly with relatively small increments of pressure. This raises the 
question whether the air bubbles are squeezed out, or merely coalesced 
into larger and fewer bubbles. Data presented later on the size of 
bubbles give no indication that any air is forced out of the dough. 

The effect of pressure increases with the length of time it is applied, 
for example 2,000 pounds at 20 seconds, 1,500 pounds at one minute, 
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TTifr 2 Aveiase number of air bubbles (expressed as the cube root) m macwoni di^ 
corresponds to the cube root of the number present in three dimensions. 


and 1,250 pounds at four minutes all gave approximately the same 
number of bubbles. The actual number of bubbles in a given volume 
in the unpressed check was nearly 40,000 times that in the disc receiv¬ 
ing 3,000 pounds pressure for four minutes. Varietal differences in 
bubble number were small. 


TABLE II 

Effect of Pressure Applied for Various Times 
ON Average Diameter of Air Bubbles 
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Size of Bubbles, Macaroni bubbles in commercial macaroni prod¬ 
ucts are highly variable in size, but often range from 200 to 400 fi in 
diameter Average bubble diameters in microns for the various 
treatments and varieties are given in Table II and the treatment 
averages are shown in Figure 3. The initial lag period is more clearly 
indicated by these data than in the case of bubble numbers. The 
effect of duration of pressure is more strikingly illustrated at the lowest 
pressure, 1,250 pounds. At 20 seconds the diameter of the bubbles 
was barely double that of the check, at one minute it had increased 
four times, but at four minutes the diameter had increased nearly 20 
times. Time was relatively less important as pressures were in¬ 
creased. At 3,000 pounds pressure, 20 seconds of pressing was 
sufficient to produce larger bubbles than four minutes at 1,250 pounds. 



Fig 3 Average bize ol bubbles m macaroni discs made from six durum wheat varieties, 
employ mg various pressures for different time intervals 

In the case of bubble size, the curves had not leveled off at 3,000 
pounds of pressure for four minutes. Although this treatment gave 
bubbles 40 times as large in diameter as the checks, it appears that 
either higher pressures or longer time periods would have given still 
larger bubbles. 

Photomicrographs showing the sizes of bubbles at four selected 
treatments are given in Figure 4. 

The effect of duration of pressure on macaroni products is less 
obvious than the effect of intensity of pressure alone. It was previ¬ 
ously mentioned that the first macaroni pressed out of the die is opaque, 
but that subsequent portions gradually become translucent. Actual 
measurements of size of bubbles in such a tube of macaroni gave as an 
average of 10 determinations each, 65 d: 0.08 /i for the opaque section, 
and 309 dz 0.21 for the translucent section. Both sections of the 
macaroni tube had received pressure sufficient to force them through 
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the die, but the high pressure had not been acting on the opaque 
section long enough to make it translucent 

Light Transmission of Discs. Light tiansmission of the various 
discs is given in Table III and Figure S. The curves resemble those 
for bubble number and bubble size. First there is a definite lag period, 
then a rapid increase in light transmission at the same treatments 
which gave rapid changes in bubble numbers and bubble size The 
light transmission curves tend to level off more rapidly than did those 



tig 4 Photomicrograplib sliowing relative sue of bubbles in selected macaroni discs (1)1 500 
pounds for 20 seconds, (2) 3 000 pounds for 20 seconds, (3) 1500 pounds for 240 seconds, (4) 3,000 
pounds foi 240 seconds 


representing^*bubble size,*'presumably toward a value determined by 
the index of transmission of the pure macaroni without any bubbles. 

Changes in light transmission were very striking. The most severe 
treatment permitted the passage of seven times as much light as the 
unpressed checks. These values give quantitative expression to the 
observation that ^‘translucency is a result of pressure.** 

Analyses of Variance. The variance analyses are summarized in 
Table IV for the different variables investigated. Values determined 
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TABLE III 

Effect of Pressure Applied for Various Times on Average 
Light Transmission of Macaroni Discs 


Pressure 

Time 

Light transmisbion values ^ 

I^. 153 

Monad 

Mindum 

Kubanka 

Stewart 

Caileton 

Average 

lb 

sec 








none 

none 

3.2 

2.9 

2.6 

4.9 

2.8 

4.5 

3.4 

1,250 

20 

7.6 

7.4 

6.9 

9.1 

7.3 

7.1 

7.6 

1,500 

20 


11.0 

12.4 

9.7 

11.3 


10.9 


20 

16.6 

17.4 

18.2 

17.9 

18.0 

17.7 

17.6 


20 

19.4 

19.8 

20.5 

19.8 


21.2 

20.2 

1,250 

60 

11.6 

11.1 

10.3 

11.3 

11.2 

11.9 

11.2 


60 

17.2 

16.7 

18.5 

17.1 

17.2 

18.4 

17.5 

2,000 

60 


20.1 

19.5 


20.5 

22.4 

20.5 

3,000 

60 

21.8 

22.4 

22.6 

22.5 

21.6 

23.7 

22.4 

1,250 

240 

18.8 

18.9 

19.4 

19.2 

19.2 


19.3 

1,500 

240 


20.5 

21.0 

20.9 

22.5 


20.9 

2,000 

240 


21,5 

21.9 

21.8 

23.3 

22.0 

21.9 

3,000 

240 

22.4 

24.4 

23.3 

22.7 

24.1 

24.6 

23.6 

Varietal averages 

16.2 

16.5 

16.7 

16.7 

16.9 

17.2 

16.7 


^ Light transmission measured in galvanometer scale units at 1.7 ohms resistance. 


for twin discs at each treatment entered separately into the calcula¬ 
tions, to give a basis for evaluating experimental error. Data for the 
unpressed checks were not included in the analyses. 

In the case of bubble numbers, both time and pressure, and their 
interaction, made highly significant contributions to variance, but 



Fig. 5. Average light transmission of macaroni discs made from six durum wheat varieties, 
emploving various pressures for different time intervals. 

















bcpt., 1946 SMITH, HARRIS, JESPERSON, AND SIBBITT 


479 


TABLE IV 


Variance Analyses of Bubble Number, Bubble Size, 
AND Light Transmission 
(Data for unpressed checks not included) 


Variance due to 

Degrees of 
freedom 

Mean squares for 

Bubble number 

Bubble size 

Transmission 

Varieties 

5 

4.0 

32,324 ** 

31.0 ** 

Time 

2 

833.S ♦* 

599,793 ** 

6,479.0 ** 

Pressure 

3 

1,126.7 ** 

519,456 *♦ 

6,164.0 

Varieties X time 

10 

3.7 

10,042 * 

16.5* 

Varieties X pressure 

15 

2.5 

3,497 * 

13.1’^ 

Time X pressure 

6 

210.3 ** 

11,284 *♦ 

631.7 ** 

Error (V X T X P) 

30 

1.9 

1,519 

6.7 

Total (Treatments) 

71 




Twins (Within treatments) 

72 

0.3 

89 

0.9 

Total 

143 





-• Significance exceeds 5% point. 
Significance exceeds 1% point. 


neither varietal differences nor the interactions involving variety 
showed statistical significance. 

All three variables, and their first order interactions, contributed 
very significantly to the variability of both bubble size and light trans¬ 
mission, although variety was consistently least important. 

Analysis of the variance in bubble number, bubble size, and light 
transmission values clearly showed in each case that the time and 
pressure treatments were mainly responsible for the differences. 

Discussion 

If no air is forced out, one would expect the number of bubbles to 
vary inversely with the cube of the diameter. In Figure 6, bubble 
diameter is plotted against bubble number for each treatment. This 
gives a hyperbolic curve characteristic of the reciprocal relation, 
expressed by the equation 

xy == a 

where a is a constant, x is the diameter of the bubbles, and y the cube 
root of bubble number. The data give a good fit to the theoretical 
curve for this function. 

Using logarithms of x and y, the relation may be transformed to a 
straight line. Figure 6 shows that the fit of the transformed data to 
the straight line is very good. 

Size of bubbles at the various treatments, therefore, corresponds 
closely with the size calculated from the corresponding bubble numbers. 
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Fig. 6- The relatioa of bubble diameter to cube root of bubble number (pu» * 0.96), and of log 
bubble diametei to log bubble number in macaroni discs made with varying pressures applied for 
different time inten-’als (r,^ * — 0.99). 

Plotting light transmission of the discs against the corresponding 
bubble size gave the graph shown in Figure 7. The plotted points 
follow a curvilinear path, resembling a logarithmic curve. Plotting 
light transmission against the logarithm of the bubble diameter gave 
the straight line shown in Figure 7. By inspection, the following 
formula for the straight line was derived: 

Y * 13.8 log a: - 13.8 

where Y is light transmission and x is bubble diameter. Transforming 
log X to the antilog, the theoretical curve was then drawn, and it fitted 
the original plotted points very satisfactorily. 




too 200 300 400 500 1*00 2>00 3*00 

BUBBLE DIAMETER JUL LOO. BUBBLE DIAMETER 


Fig. 7, The relation of light trans m ission to bubble diameter, and to log bubble diameter 
in macaroni discs made with varying pressures applied for different times. 
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The data did not fit a parabolic curve of the type: 

^ ^2 px. 

The above curve does not represent the inherent effect of bubble size 
alone upon light transmission. When dry macaroni products or 
macaroni discs are held up to the light, the bubbles are apparent as 
shadows. Therefore, increasing bubble diameter, of itself, would 
reduce transmission, were it not for the simultaneous decrease in 
bubble number. Bubble number changes inversely as the cube of the 
diameter and the curve indicates that the net change in transmission 
is in the direction of change in number. In this experiment, bubble 
diameters increased 40 times when the maximum pressure was applied, 
but simultaneously bubble numbers were reduced 40,000 times, so 
transluccncy is affected most by the latter. The curve represents the 
resultant effect of the two opposing influences, bubble size and bubble 
number, in a closed system where decrease in number involves an 
increase in size. 

Variations in light transmission were plotted against bubble num¬ 
bers also, but it was more difficult to reduce this curve to a mathe¬ 
matical formula; hence, it is not presented here. The same interacting 
effects are involved as discussed above. Light entering the unpressed 
disc is so diffused by the numerous bubbles that most of it cannot pass 
through; whereas, the light passes through the pressed discs with only 
slight interruption by the few bubbles, even though these are relatively 
large. 

One may speculate as to what causes the bubbles to coalesce under 
pressure. Theoretical considerations suggest that in coalescing, the 
bubbles are reducing their total surface area exposed to pressure. 
Eight bubbles, each of one unit diameter, would reduce their total 
surface area one-half by coalescing into a single bubble of two units 
diameter. Bubbles within the plastic dough are more or less free to 
move, and in coalescing they reduce the total pressure on the enclosed 
air. 

However, this appears to be a result rather than the cause of 
coalescing. As a cause, it is suggested that the compressible air 
bubbles interfere with the equal distribution of the applied pressure 
throughout the dough. If two bubbles are pictured as near to each 
other, the pressure on all sides can be assumed to be at a maximum, 
except on their adjacent sides, where it would be mutually reduced. 
The two bubbles about to coalesce in Figure 4(2) seem to offer graphic 
support of tliis theory. If the pressure on adjacent sides is thus 
reduced, the bubbles will move toward each other at an accelerating 
rate and coalesce. 
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Such differences in translucency as were observed were explainable 
in terms of bubble differences, and could not be related to yellow pig¬ 
ment, or amount of gray or red coloration. This indicates that light 
transmission readings alone are not suitable for evaluating the macaroni 
color of new durum hybrid selections as has been intimated in the 
literature. 

Apparently no air was forced out of the macaroni discs used in 
these experiments. The air simply was coalesced into larger bubbles. 
Probably the same thing happens in the commercial macaroni process, 
although these experiments were not designed to test that point. It 
did seem that most macaroni products examined contained less air 
than these experimental discs. If this be true, it may be due to 
differences in mixers, or in mixing time. The small experimental 
mixer used here had small round pins which may incorporate more air 
into the dough than the flat paddle-shaped mixers used commercially. 

However, the general implications of this study should be applicable 
to commercial processing. Translucency in macaroni products de¬ 
pends primarily upon pressure, both its intensity and its duration. 
Pressure produces translucency by coalescing the air bubbles. Small 
scale “slab tests” made without the application of pressure will neces¬ 
sarily give an opaque product. 

Summary 

Macaroni discs which had received no pressure contained great 
numbers of air bubbles less than 20 m in diameter, and were very 
opaque. Application of 3,000 pounds pressure per square inch for 
four minutes coalesced these bubbles, giving translucent discs with 
bubbles 40 times as large in diameter, and reducing the number nearly 
40,000 times. Light transmission increased six times. Intermediate 
treatments gave intermediate effects, but all results showed curvilinear 
relations. 

Following application of pressure, there was a lag period before 
significant changes in bubble size or number were evident. This was 
interpreted as the “yield value” characteristic of plastic systems. At 
lower pressures the time factor was a very important influence. The 
first strands of macaroni pressed from a batch of dough are opaque 
because the pressure has not been operating for sufficient time. Lab¬ 
oratory “slab tests” which omit pressure will not give a translucent 
product. 

Varietal differences in six widely different varieties were not strik¬ 
ing. Monad and Kubanka gave somewhat larger bubbles and higher 
light transmission at the more severe treatments. Varietal differences 
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in light transmission could not be related to differences in yellow pig¬ 
ment, nor to undesirable red or gray colors. 

Light transmission, a measure of translucency, is the resultant of 
two opposing and interdependent forces, decreasing bubble numbers 
and increasing bubble size. Because of its mathematical relation to 
size, bubble number changes faster than size; and therefore translu¬ 
cency increases as bubble number decreases, despite simultaneous 
increases in bubble size. 

Pressure increases translucency by causing the bubbles to coalesce, 
A hypothesis is offered to explain why the bubbles coalesce. 
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A MICRO-MILLING TECHNIQUE USING 
THE HOBART GRINDERS 

Karl F. Finney and William T. Yamazaki ® 

(Received foi publication April 25, 1946) 

Several workers including Johnson and Swanson (1942), McClug- 
gage (1943), Lamb (1944), and Finney and Yamazaki (1946) have 
used a Hobart or some other type of grinder for obtaining flour for 
testing and evaluating the quality characteristics of small samples of 
commercially and experimentally grown wheat varieties. These flours 
have been comparatively high in ash content, however, due to rela¬ 
tively large quantities of finely divided bran particles. Considerable 
work with 100-g wheat samples has been carried out in the Federal 
Soft Wheat Laboratory in an effort to reduce the ash of flour obtained 
in this manner. This paper describes a micro-milling procedure 
involving two or three preliminary breaks through the rolls of the 
Tag-Heppenstall moisture meter and one break and two reductions 
on a Hobart grinder, and presents data showing the techniques re¬ 
sponsible for obtaining flours having ash and protein contents com¬ 
parable to those obtained by the usual experimental milling procedures. 

Materials 

Two wheat composites, one hard and the other soft red winter, 
were used in the preliminary work which established the amount and 
time of temper, Hobart grinder settings, number and size of sieves, 
sifting time, and other important techniques constituting the milling 
procedure. The hard winter composite consisted of seven varieties 
from each of four locations in the central and southern great plains. 
The soft winter composite consisted of 43 samples representing several 
varieties and locations in the soft winter wheat area. 

The procedure described herein was applied to about 300 addi¬ 
tional individual samples of soft red winter, white, hard red winter, 
and hard red spring wheat varieties from representative locations in 
the entire wheat-producing area of the United States, except the 
Pacific Coast. 

Method 

Previous to milling on the Hobart grinder, each cleaned 100-g 
wheat sample was run through the Tag-Heppenstall moisture meter 

^ Coope^tlve investigations between the Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, U. S. Department 
of Agriculture, and Department of Afironomy, Ohio Agricultural Baeperiment Station. 

s Associate Chemist and Junior Chemist, respectively. Division of Cereal Crops and Diseases at 
the Federal Soft Wheat Laboratory, Wooster, Ohio. 
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(first preliminary break). On the basis of the wheat moisture, each 
Tag-broken sample of hard winter and spring wheat was given a first 
temper to 14% moisture for 48 to 72 hours. Soft winter wheats were 
tempered to 12.5%. Limited data, however, have indicated that a 
first temper time of 18 to 24 hours was sufficient. A second temper of 
2% was added to all samples 45 to 60 minutes before milling. Each 
sample was again run through the Tag-moisture meter one to three 
times (additional preliminary breaks) to shatter the kernels completely, 

SAMPLE 

i 

NO. 2 


OUT-*-35 



1. MilliiiR How sheet for obtaining low-ash flo^irs using a Hobart grinder. 

after which it wsxs subjected to one break and two reductions on the 
Hobart grinder with three siftings on a Ro-Tap. The relatively 
simple flow sheet showing Tyler sieves (meshes per inch) and grinder 
settings (Nos. 2, 1)4, and closed or 1 —) is shown in Figure 1. 

It is extremely important that the wheat and middlings be fed 
slowly. For 100-g samples the wheat-feed time was about 45 to 60 
seconds. The middlings were fed slowly so as not to overload the 
grinder as indicated by the sound of the motor and burrs. In each of 
the two reductions, the middlings were run through a second time to 
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push through middlings which had lodged at any point. The sifting 
times for hard winters and springs were usually 1, 2, and 2 and for 
soft red winters and whites 2, 3, and 3 minutes for the first, second, 
and third siftings, respectivcb. In all instances, however, the bran 
was weighed at 3^-minute intervals and was usually discarded after 

to 1 minute. This was, as a rule, sufficient time to give a bran 
weight of 29 to 31 g. Bran weights appreciably greater than 31 g 
after 1 minute of sifting usually contained middlings, most of which 
passed through the sieve after an additional to 1 minute of sifting. 

During the second grinding (first reduction) if the overs of the 65- 
mesh sieve are run through first and followed by the overs of the 100- 
mesh sieve, a finer gianulation will be obtained than if the overs of the 
two sieves are combined previous to reduction. 

Another pertinent point in milling on the Hobart grinder is the 
proper adjustment of the burrs. The distances between the burrs 
for the 2, IJ^, and closed settings are such that when the grinder is 
running empty the burrs will not touch at a setting of 1^, will not 
touch or touch very faintly at IJ^, will just touch at several points 
over their surface at 13 ^, and will distinctly touch at many points at a 
setting of 1. The closed setting of 1 — should produce a slight howl 
or screeching sound. Other sets of burrs or other Hobart grinders may 
necessitate the use of different grinder settings in order to maintain 
the approximate weights of overs given in Table I. The average total 
time required for running a sample through the Tag, grinding, sifting, 
weighing, labeling, and mixing the products, calculating flour yield, 
and cleaning out the grinder for the next sample was 17 to 20 minutes. 

The left hand pulverizing burrs of a model 1044 Hobart grinder 
were used for the milling work reported herein. As a result of co¬ 
operative work with the Hobart Manufacturing Company, the burrs 
(both rotor and stator) were standardized to an average depth of 
openings of 0.004 inches. 

When a 2% second temper was used, kard wheat flours contained 
about 15% moisture. To insure safer storage, their moisture contents 
were reduced to about 14% by drying for 2 hours in a forced air oven 
held at room temperature after simply removing their pint-container 
caps. 

Experimental Results 

The factors of tempering, wheat feed time, and amount of pre¬ 
liminary breaking or shattering previous to breaking the wheat in the 
Hobart grinder are extremely important in obtaining low ash flours. 
The data relative to these techniques are given in Table I and Figure 2. 

The importance of the amount of temper is readily seen from the 
milling and analytical data for the hard winter composite shown in 
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TABLE I 

Milling and Chemical Data for Flours Milled on the Hobart 
Grinder from 100-u Samples of a Hard Red Winter Wheat 
Composite Tempered to Different Moisture Contents 


Wheat 

moisture 

after 

1st 

temper 

Water 

added 

for 

2nd 

temper 

1st 

break 

feedi 

time 

Overs 35 
mesh 
sieve 

1st 

sifting 

Overs 65 mesh sieve 

Overs 100 
mesh 
sieve 
3rd 
sifting 

Flour 

2nd 

sifting 

3rd 

sifting 

Yield 

Moisture 

Ash» 

% 

% 

sec 

g 

g 

g 

g 

g 

% 

% 

11.0 

0 

58 

24.7 

3.26 

0.79 

1.97 

65.8 

11.5 

.57 

11.5 

0 

58 

24.7 

I 3.15 

0.76 

1.71 

67.0 

11.7 

.55 


0 

57 

25.1 

3.42 

0.84 

1.82 

67.4 

12.0 

.55 

12.5 

0 

58 

24.9 

2.86 

0.68 

1.51 

69.5 

12.3 

.54 


0 

58 

25.5 


0.78 

1.49 

68.7 

12.7 

.52 

13.5 

0 


26.2 

2.65 

0.64 

1.69 

68.7 

13.0 

.50 


0 

59 

26.3 

2.77 

0.63 

1.52 

69.0 

13.3 

.49 

14.5 

0 

60 

27.5 

2.59 

1.13 

1.65 

68.6 

13.8 

.48 

13.0 

2 


28.9 

2.88 


1.41 

66.4 

13.6» 1 

.47 

13.5 

2 

60 

29.7 

2.84 

0.81 

2.26 

66.3 

13.6» 

.45 


2 

60 

30.3 

2.74 

1.13 

2.26 

66.2 

13.9* 

.45 

14.5 

2 

61 

31.2 

2.92 

1.31 

2.44 

65.4 

13.9* 

.45 


1 All samples received 3 preliminary breaks, 
s 14% moisture basis. 

3 Dri^ for 2 hours in a forced air oven held at room temperature. 



Fig. 2. Effect of preliminary breaking through the Tag-Heppenstall moisture mettf and first- 
break feed time ou the flour aah of 100-g wheat samples milled on the Hobart grinder. 
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Table 1. As the moisture content of the grain was increased from 
11% to 14.5% by varying the amounts of first temper water, the flour 
ash decreased from 0.57% to 0.48%. A second temper of 2% resulted 
in a further reduction in ash. For example, 2% second temper in 
combination with a first temper to 13 and 13.5% lowered the ash 
0.05%. The second temper was somewhat less effective, however, 
when used in conjunction with a first temper to 14% and 14.5% 
moisture. The flour yields, which averaged about 68% when using 
only a first temper, were about 1.5 to 2% lower when a second temper 
also was used. The reduction in ash with the second temper, however, 
appears to more than compensate for the reduction in flour yields. 

As the moisture added at the first temper was increased, the weight 
of overs on the 35-mesh sieve increased. The addition of 2% more 
water as a second temper resulted in additional and consistent increases. 
When using the 14.5 plus 2% second temper, however, there was a 
slight tendency for the flour to cake on the inside walls of the grinder. 
As a result, a first temper to 14% was used in conjunction with a 2% 
second temper in all routine work on hard wheats. 

In a similar series for soft wheat, however, a first temper to more 
than 12.5% moisture with a 2% second temper resulted in caking on 
the walls of the grinder and a clogging of the sieves. Accordingly, a 
first temper to 12.5% with a 2% second temper was adopted for 
routine milling of typically soft wheat. More recent studies have 
indicated that semihard wheats should be first tempered to a moisture 
content of 13% to 14%; whereas, for the extremely soft samples, 12% 
moisture is preferable. 

The weights of the overs of the various sieves for the 14% plus 2% 
second temper are typical, in general, of the results obtained with 
numerous samples of hard red winter as well as the other classes of 
wheat studied. Thus, these weights should be valuable as a guide 
to anyone interested in standardizing a Hobart grinder for milling 
small or possibly even large samples of wheat. 

The amount of preliminary breaking between the Tag rolls previous 
to the first break through the Hobart grinder, and the first-break feed 
time is even more important than the amount of temper in reducing 
flour ash. The effect of these two factors on Hobart flour ash is 
strikingly illustrated in Figure 2. 

All flours represented in Figure 2 were given a first temper to 14% 
and a 2% second temper. With no preliminary breaking through the 
rolls of the Tag moisture meter and with a first-break feed time of 16 
seconds (time required for 100 g unbroken wheat to pass through 
grinder), a relatively high flour ash of 0.76% was obtained. Flour ash. 
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however, decreased from 0.76% to 0.58% as the feed time was increased 
from 16 to 74 seconds. 

Putting samples once through the Tag previous to the first break 
on the Hobart grinder and using a first-break feed time of 13 seconds 
lowered the flour ash from 0.76% to 0.62%, a reduction comparable 
to that obtained with no preliminary breaking and a long feed time of 
59 seconds. Using one preliminary break, the flour ash was reduced 
from 0.62% to 0.45% with increasing feed time. Thus, at a given 
feed time, one break through the Tag rolls reduced the flour ash 
approximately 0.16%. The flour ashes resulting from the use of two 
and three Tag breaks when plotted against feed time define a single 
curve which is only slightly below that for one preliminary break, 
indicating that more than two breaks are unnecessary. Thus, it 
appears that for a normal hard wheat, such as is represented by the 
hard winter composite, two preliminary Tag breaks and a feed time 
of 1 minute will give a minimum ash content. It has been found, 
however, that for shriveled samples of wheat, as many as three or 
four Tag breaks were desirable. For example, Hobart flours having 
ash contents of 0.57%, 0.55%, 0.53%, and 0.52% were obtained from 
an appreciably shriveled, high-protein hard winter wheat as a result 
of the use of one, two, three, and four preliminary breaks, respectively. 
Thus, there is the probability of a lower ash to be gained and only a 
few seconds to be lost by passing the sample through the Tag rolls 
an extra time or two. 

The Hobart milling procedure described herein has been applied 
to more than 300 samples (100-g) of soft red winter, white, hard red 
winter, and hard red spring wheats grown throughout the entire wheat- 
producing area of the United States, except the Pacific Coast. Typical 
milling and analytical data for representative samples of these 
different classes of wheat are shown in Table II, 

Within the group of soft red winter and white wheat flours from 
Wooster, Ohio, and East I^nsing, Michigan, the Hobart flour ashes var¬ 
ied from 0,43% to 0,53%, half of them being 0.49% or lower. Within 
the group of hard red winters, the flour ashes varied from 0.47% to 
0.54%, being somewhat higher than for the soft wheat flours. The flours 
from the hard red spring wheats grown at Bozeman, Montana, however, 
were appreciably higher in ash than either the soft or hard winter 
flours; whereas, those from Langdon, North Dakota, averaged slightly 
lower in ash content than the soft wheat flours. 

The protein contents of the Hobart flours were lower than those of 
the wheats by 0.5% to somewhat over 1%, and in this respect are 
comparable to Buhler and Allis straight grade flours. The flour yields 
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TABLE II 

Chemical and Milling Data for Different Classes and Varieties 
OF Wheat Grown at Several Locations and for Flours Milled 
FROM Them on the Hobart Grinder 



Wheat 


Flour 


Variety and location 

Ashi 

Protein ^ 

Moisture 

A8h» 

Protein i 

Yield 


% 

% 

% 

% 

% 

Z 


SOFT red winter AND WHITE 


Woosterf Ohio 







Clarkan 

1.87 

12.3 

14.3 

.49 

11.1 

65.5 

Trumbull 


11.5 

14.3 

.51 

10.4 

66.0 

Fairfield 

1.74 

11.2 

14.3 


9.8 

65.3 

Thorne 

1.81 

12.6 

14.4 

.48 

11.4 

64.5 

Wabash 

1.78 

12.2 

14.4 

.43 

11.0 

65.4 

Blackhawk 

1.80 

12.5 

14.4 

.46 

11.5 

68.3 

Am. Banner 

1.80 

11.9 

14.3 

.53 

10.9 

66.4 

£. Lansing, Mich, 




.52 



Clarkan 

1.80 

9.3 

14.2 

8.5 

64.7 

Trumbull 

1.71 

9.0 

14.1 

.49 

8.1 

66.9 

Fairfield 

1.69 

8.7 

14.2 

.53 

7.5 

64.6 

Thome 

1.74 

9.1 

14.1 

.53 

8.3 

64.8 

Wabash 

1.65 

9.0 

14.4 

.47 

8.2 

66.2 

Blackhawk 

1.75 

10.3 

14.4 

.49 

9.0 

67.5 

Am. Banner 

1.71 

9.2 

14.2 

.52 

8.2 

66.9 

Composite of several vat 
S.R.W. Std. 

^ieties and 

1 1.73 

stations 

1 10.6 

14.2 

.45 

9.5 

65.7 


HARD RED WINTER 


Central district composi 
Kharkof 

es 

1.88 

14.8 

13.9 

.51 

13.5 

62.5 

Blackhull 

1.83 

14.3 

14.4 

.52 

13.4 

65.9 

Tenmarq 

1.83 

14.2 

14.0 

.50 

13.0 

64.6 

Early B. H. 

1.75 

13.1 

14.2 

.49 

12.4 

66.4 

Pawnee 

1.62 

14.3 

14.7 

.51 

13.2 

65.5 

Comanche 

1.73 

14.5 

14.7 

,51 

13.8 

64.5 

Chiefkan 

1.75 

13.8 

14.2 

.54 

13.2 

65.2 

Widiita 

1.72 

14.1 

14.3 

.53 

13.5 

66.4 

Woodward, Okie, 
Kharkof 

1.51 

9.8 

14.8 

.52 

8.9 

67.3 

Blackhull 

1.35 

9.7 

14.9 

.51 

8.5 

67.3 

Tenmarq 

1.32 

10.5 

14.5 

.53 

9.6 

68.1 

Early B. H. 

1.58 

11.3 

14.3 

.47 

10.6 

65.4 

Pawnee 

1.38 

10.3 

14.5 

,52 

9.5 

66.5 

Comanche 

1.47 

11.0 

14.6 

.50 

10.3 

67.4 

Chiefkan 

1.45 

10.5 

14.6 

.50 


67.4 

Wichita 

1.48 

10.9 

14.5 

.51 


64.7 

Composite of severed vai 
H.R.W. Std. 

^ieties and 
j 1.45 

stations 

I 13.6 

14.5 

.45 


67.7 
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TABLE II (Continued) 


Vanety and location 

Wheat 


Flour 


Ash 1 1 

Protein» 

Moisture 

Ashi 

Protein i 

Yield 


% 

% 

% 

% 

% 

£ 


HARD RED SPRING 


Bozetnant Mont. 
Thatcher 

1.56 

11.8 

14.7 

.54 

11.3 

67.1 

Pilot 

1.66 

11.5 

14.7 

.52 

10.9 

62.5 

Mida 

1.75 

11.2 

15.5 

.55 

10.7 

64.4 

Cadet 

1.65 

13.1 

14.8 

.59 

12.8 

63.6 

Newthatch 

1.65 

12.3 

15.2 

.53 

12.1 

68.1 

Marquis 

1.68 

12.9 

14.9 

.57 

12.6 

63.0 

Ceres 

1.70 

11.8 

14.8 

.57 

11.2 

63,8 

Langdon^ N. D 
Thatcher 

1.66 

14.3 

14.1 

.51 

13.6 

63.3 

Pilot 

1.65 

14.3 

14.1 

.46 

13.2 

60.5 

Mida 

1.55 

14.4 

14.2 

.48 

14.0 1 

63.6 

Cadet 

1,54 

14,4 

14.2 

.46 

14.2 1 

63.6 

Newthatch 

1.66 

15.3 

14.5 

.49 

15.2 

66.4 

Rival 

1.58 

14.6 

14.7 

.53 

14.2 

67.8 

Regent 

1.56 

15.0 

14.3 

.46 

14.7 

65.9 


114% moisture basis 


averaged about 65 g from somewhat over 100 g of tempered grain and 
appear to be satisfactory in view of the small quantity of wheat milled. 

The data presented in Table II show conclusively that a straight- 
grade flour with ash and protein levels comparable to those expected 
on the Buhler and Allis experimental mills can be obtained by milling 
100-g wheat samples on the Hobart grinder. The ash contents of the 
Hobart-milled flours are comparable to those rep)orted by Geddes and 
Aitken (1035) for flours obtained on their miniature, Allis-type experi¬ 
mental mill. 


Summary 

A companitivcly simple milling procedure involving one or two 
preliminary breaks through the rolls of the Tag-Heppenstall moisture 
meter and one break and two reductions on the Hobart Coffee grinder 
is described whereby straight grade flours having ash and protein 
contents approaching those expected on Buhler and Allis experimental 
mills can be obtained from 100-g wheat samples. 

Proper tempering, preliminary breaking or shattering of the wheat, 
and first-break feed time were about equally responsible for the reduc¬ 
tion in flour ash content from somewhat under 1% to 0.45%. 

Using the procedure and technique described, the Hobart grinder 
is useful as a simple and inexpensive micro-flour mill. 
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A STUDY OF SORGHUM AND SORGHUM STARCHES ^ 

F. E. Horan ^ and Marie F. Heider 

Midwest Research Institute, Kansas City, Missouri 
tKeceived for publication May 23, 1946) 

During the years of the war circumstances have made it extremely 
difficult for the manufacturers of starch, principally corn starch, to 
receive ample supplies of source materials. As a consequence, the 
wet-millers have been forced on a few occasions in recent years to 
resort to other starchy cereals, such as wheat and sorghum. New 
milling techniques have been developed by Blotter and Langford 
(1944) for the processing of wheat, owing to the unique doughing 
characteristics of the protein in this species of grain. The same pro¬ 
cedures used with corn were applied to sorghum grains, but the results 
were not entirely satisfactory and undoubtedly many improvements 
will be add^ in connection with the processing of these latter grains. 

Martin (1937) describes sorghum as a comparatively new crop in 
the United States, although it was cultivated as far back as 700 B.C. 
In the dry, hot, midwestern and southwestern states sorghum is 
greatly appreciated as a source of grain and forage for livestock. In 
general, sorghums are divided among several different groups that have 
distinct uses in this country. The grain sorghums, such as kafir, 
milo, hegari, feterita, and darso, are grown primarily for their grain. 
The sorgos (sweet sorghums or cane) are grown for the production of 
syrup or for forage. 

1 Pieaented before the Atlantic City meeting of the American Chemical Society, April S-12, 1946. 

* Com Products Refining Company Research Fellow. 
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In the present discussion interest is focussed on the groups which 
might be important in supplying material for the starch industry, 
namely, sorgos and grain sorghums. The former have a disadvantage 
in that they grow tall and are therefore more difficult to harvest. 
But the recent universal acceptance of suitable new grain sorghum 
varieties and the use of the combine harvester-thresher will undoubt¬ 
edly have a marked effect upon the agriculture of sorghum-producing 
areas. According to the Crop Reporting Board (1945) the acreage 
harvested for grain has increased from five million acres for the 1934r-43 
average to over six million for 1945. The average production of grain 
for the 1934-43 period was 70 million bushels, as compared with 96 
million for 1945. Extensive work is being done at the Kansas, 
Nebraska, Oklahoma, and Texas Agricultural Experiment Stations 
by the plant breeders in an attempt to develop acceptable combine 
types. In view of the trend towards an increased production of 
sorghums and a greater demand for them by industry, the present 
work is concerned with collecting more information about sorghums 
and their starches. 

Chemical Analyses of Sorghum Grains 

To assist in the evaluation of the industrial potentialities of the 
many varieties of sorghums it is necessary to have proximate chemical 
analyses made on the grains. Some results on the standard varieties 
may be found in the literature, as reported by Baird (1910), Francis 
and Smith (1916), Edwards and Curtis (1943), MacMasters and 
Hilbert (1944), and Barham, et ah (1946), but due to the greatly ex¬ 
panded programs of the sorghum plant breeders in the past few years 
many new types have appeared. In all, 101 samples were analyzed, 
of which 14 were forage types and 87 grain sorghums. The method 
used for protein was the official A.O.A.C. (1940) Kjeldahl-Gunning 
method. The crude fat determinations were made by extracting the 
sorghum samples (ground to approximately 20-mesh) with Skellysolve 
“F-9S*' for six hours using a Butt extraction tube. The starch was 
determined by a polarimetric method used by Earle and Milner (1944) 
on corn samples. 

The results of analyses for many of the newer varieties are sum¬ 
marized in Tables f and II. The results in Table I are arranged ac¬ 
cording to the four states from which samples were received. Table II 
contains more detailed information concerning the individual varieties 
examined. All of these grains were grown at the individual experi¬ 
ment stations, and for the most part represent different stages in the 
cross-breeding program. On an average basis, the values for the grain 
sorghums were somewhat higher in protein and starch and slightly 
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lower in oil than the forage sorghums. Since the grains were not all 
produced in the same year nor in the same locality, the data are in¬ 
sufficient to characterize the grains according to variety. The ma¬ 
jority of the grain sorghums from the four states had approximately 
the same proportions of protein, crude fat, and starch, a fact which is 
important in considering their general industrial utilization. Some 
exceptional values were obtained with a Texas sample which analyzed 
7.7% protein, 2.5% crude fat, and 81.8% starch. A low crude fat 
content of 2.5% was obtained with one Nebraska sample, whereas 

TABLE I 


Chemical Analyses of Sorghum Gr^vins 

(Moisture-free basis) 


State 

No. 

of 

sam¬ 

ples 

Sample type 

Aver¬ 

age 

pro- 

teini 

Range m 
protein 

Aver¬ 

age 

crude 

fat 

Range in 
crude fat 

Aver¬ 

age 

starcli 

Range in 
starch 




% 

% 

% 

% 

aa 

% 

Kansas 

6 

Forage 

12.8 

12.0-13.4 

4.1 

3.S-4.4 

69.9 

61.3-73.5 


3 

Nonwaxy 

12.7 

12.0-13.1 

3.9 

3.5-4,4 

70.6 

68,0-72,4 


3 

Waxy 

12.9 

12.1-13.4 

4.3 

4.2-4.4 

69.2 

61.3-73.5 


22 

Grain 

13.6 

11.9-15.4 

3.7 

2.9-4.1 

71.7 

68.1-74.8 


19 

Nonwaxy 

13.7 

12.1-15.4 

3.7 

2.9^.l 

71.4 

68.1-74.8 


3 

Waxy 

13.0 

11.9-13.5 

3.5 

3.3-3.6 

73.6 

72.2-74,4 


28 

Forage and grain, 









all samples 

13.5 

11.9-15.4 

3.8 

2.9-4.4 

71.3 

61.3-74.8 

Nebraska 

8 

Forage 

10.9 

9.1-13.6 

3.9 

3.2^.4 

68.8 

48.0-78.5 


7 

Nonwaxy 

ll.O 

9.1-13.6 

3.9 

3.2-4.4 

68.9 

48.0-78.5 


1 

Waxy 

10.7 

— 

4.3 

— 

67.6 

— 


39 

Grain 

12.0 

8.7-15.2 

3.5 

2.5-4.5 

71.9 

66.6-77.7 


35 

Nonwaxy 

11.9 

8.7-15.2 

3.4 

2.5-4.3 

72.1 

66.6-77.7 


4 

Waxy 

13.4 

12.0-14.7 1 

4.0 

3.4-4.S 

70.2 

67.7-73.4 


47 

Forage and grain. 









all samples 

11.8 

8.7-15.2 i 

.^.6 

2.5-4.5 

71.4 

48.0-78.5 

Oklahoma 

0 

Forage 

_ 

■ 

_ 

_ 

_ 

_ 


5 

Grain 

13.1 

11.9-IS.6 

3.5 

3.0-4.1 

69.3 

62.8-74.3 


2 

Nonwaxy 

14.4 

13.2-15.6 

3.4 

3.0-3.8 

66.5 

62.8-70.3 


3 

Waxy 

12.3 

11.9-12.7 

3.5 

3.2-4.1 

71.1 

67.3-74.3 


5 

Forage and grain, 









all samples 

13.1 

11.9-15.6 

3.5 

3.0-4.1 

69.3 

62.8-74.3 

Texas 

0 

Forage 

_ 

_ i 

_ 

_ 

_ 



21 

Grain 

11.1 

7.7-14.3 

3.3 

2.5-4.2 

73,9 

67.8-81.8 


7 

Nonwaxy 

9.8 

7.7-11.4 

3,5 

2.S-4.2 

75.1 

67.8-81.8 


14 

Waxy 

11.8 

8.9-14.3 

3.2 

2.5-3.8 

733 

71.1-77.0 


21 

Forage and grain, 









all samples 

11.1 

7.7-14.3 

3,3 

2.5-4.2 

73.9 

67.8-81.8 


»Protein calculated as N X 6.25. 


4,3% was obtained with another one. The unusually low starch con¬ 
tent of 48.0%, which was undoubtedly due to the glumes adhering to 
the kernels, was found in still another Nebraska variety. 

Waxy starch, which contains approximately 100% of the branched 
chain starch fraction (amylopectin) and is most easily recognized by 
the reddish-brown color it stains with-iodine, has been found in certain 
varieties of sorghum.' The nonwaxy starch, which stains blue with 
iodine due to presence of the linear starch fraction (amylose), occurs in 
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the majority of sorghum varieties. In averaging the analytical results 
for the 87 samples of grain sorghums there appeared to be little differ¬ 
ence in the proportions of protein, crude fat, and starch in samples 
which contained waxy and nonwaxy starches. The work of Mac- 
Masters and Hilbert (1944), however, indicated that there is a charac¬ 
teristic difference in the composition of waxy and nonwaxy types of 
sorghum, but their reported results were based on a limited number of 
samples. 


Amylose Content of Sorghum Starches 

Circumstances during the war created a demand for the waxy 
starches, principally as a replacement for tapioca starch, as reported by 
Hixon and Sprague (1942). The agronomists succeeded in developing 

TABLE II 

Chemical Analyses of Sorghum Grains 



Crop 

year 


(Moisture-free basH) 

fample 


Crude 

fat 

Starch 



% 

% 

% 

% 

Kansas: 

Forage, nonwaxy 

Atlas, C.I. 899 






1944 

9.7 

12.0 

4.4 

72.4 

Early Sumac, C.I. 1119 

1944 


13.0 

3.5 

68.0 

Kansas Orange, C.I. 107 

1944 


13.1 

4.0 

71.6 

Forage, waxy 






Waxy Atlas, H.C. 42-20 

1944 

9.6 

12.1 

4.3 

73.5 

Leod Red, C.I. 1120 

1944 

10.6 

13.4 

4.4 

61.3 

Leoti X Atlas, H.C. 42-27 

1944 

9.6 

13.2 

4.2 

72.8 

Grain, nonwaxy 






Pink Kafir, C.I. 432 

1944 

9.7 

12.6 

3.7 

71.0 

Western Blackhull, C.I. 906 

1944 

9.8 

13.6 

3.7 

71.9 

Club Kafir, C.I, 901 

1944 

9.9 

13.5 

2.9 

72.4 

Finney Milo, C.I. 1089 

1944 

10.6 

13.9 

3.7 

72.0 

Feterita, C.I, 182-1 

i 1944 

9.7 

15.4 

3.5 

70.2 

Westland, G.C. 296 

1944 

9.6 

13,4 

3.8 

68.9 

Martin, S.A. 5330 

1944 

9.2 

14.3 

3.6 

68,3 

Early Kalo, C.I. 1009 

Midland, Il.C. 617 

1944 

9.2 

13.6 

3.2 

71.1 

1944 

9.3 

13.2 

3.5 

71.8 

Wonder Club 

1944 

9.8 

15.1 

3.7 

68.1 

Dwf. Feterita x Dwf. Freed 

1944 1 

10.5 

14.4 

3.9 

69.7 

White Kalo Scl., 44-2112 

1944 1 

11.7 


3.6 

72.8 

White Kalo Sel., 44-2117 

1944 

11.9 

12.1 

3.8 

74.8 

White Kalo Sel., 44-2119 

1944 

12.0 

13.4 

Kfw 

73,8 

Leoti X (Club x Custer), 44-2115 

1944 

11.9 

13.2 

In 

73.1 

Waxy Hybrid, 44-2005 

1944 

12.1 

13.2 

3.8 

73.4 

Waxy Hybrid, 44-2021 

1944 

12.3 

14.5 

4.1 

70.3 

Waxy Hybrid, 44-2047 i 

1944 

12.2 

13.7 

3.6 

70.9 

Waxy Hybrid, 44-2049 

1944 

12.3 

13.8 

4.1 

72.1 

Grain, waxy 





74.4 

Cody, H.C. 39-142 

1944 


11.9 

3.3 

Waxy Hybrid, 44-2020 

1944 

12.3 

ESI 

3.6 

74.2 

Waxy Hybrid, 44-2063 


12.0 

13.5 

3.6 

72,2 
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TABLE ll—(Continued) 



Crop 

year 

Mois¬ 

ture 

(Moisture-free basis) 

Sample 

Pro¬ 

tein 

Crude 

fat 

Starch 



% 

% 

% 

% 

Nebraska: 

Forage, nonwaxy 

1944 

9.0 

12.9 

4.0 

67.0 

Fremont, Nebr. 32 

Black Amber, F.D. 7038, Nebr. 19 

1944 

8.3 

13.6 

4.4 

48.0 

Kansas Orange, Nebr. 18 

Rox Orange, Nebr, 24 

1944 

9.7 

9.6 

4.2 

71.4 

1944 

9.9 

10.0 

3.8 

71.3 

S.A. 5023-19-4-3-1, N 176 

1944 

9.8 

9.1 

3.3 

78.5 

Norkan, C.I. 1116, Nebr. 38 

1944 

9.5 

9.4 

4.0 

76.2 

S.A. 5023-19-4-31, N 176 

1945 

9.0 

12.1 

3.2 

70.4 

Forage, waxy 

1944 

9.2 

10.7 

4.3 

67.6 

Leoti, C.I. 1120, Nebr. 26 

Grain, nonwaxy 

1944 


13.2 

3.4 

71.2 

Caprock, Nebr. 58 

9.3 

Western Blackhull, Nebr. 14 

1944 

9.4 

9.7 

3.3 

75.7 

Western Blackhull x Day, Nebr. 63 

1944 

9.9 

12.1 

3.5 

73.3 

Western Blackhull x Day, Nebr. 44 

1944 

9.3 

9.6 

4.1 

72.9 

Western Blackhull x Day, Nebr. 45 

1944 

9.5 

13.4 

3.6 

72.7 

Coes, Nebr. 28 

1944 

9.5 

11.6 

3.9 

72.3 

Club x Day No. 16, N 212 

1944 

9.5 

9.3 

3.1 

74.8 

Martin, Nebr. 59 

1944 

9.2 

14.3 

3.6 

70.3 

White Dareo (Ks. 33-378), Nebr. 31 

1944 

9.6 

11.2 

4.3 

69.5 

Bonita, Nebr. 50 

1943 

9.4 

13.4 

3.0 

71.3 

Yellow Darso (813 x 615-36 x 12), N 134 

1944 

9.5 

11.2 

2.9 

75.5 

ChUtex, C.I. 874, Nebr. 27 

1943 

9.0 

15.1 

2.9 

71.3 

Qub, C.I. 901, Nebr. 15 

1944 

9.3 

12.6 

2.8 

75.0 

Plainsman, Nebr. 57 

1944 

9.7 

13.2 

1 3.2 

72.4 

Highland, Nebr. 30 

Wd (871 X 792) x 71-3-4, N 194 

1944 

9.5 

11.4 

4.0 

72.1 

1943 

9.1 

12.8 

3.7 

72.1 

Alliance, Nebr. 33 

1944 

9.4 

12.9 

3.7 

71.3 

Sedan Red Kafir, N 25 

1944 

9.3 

10.5 

3.6 

73.5 

S.A. 7103-3-5-5, N 70 

1944 

9.0 

10.1 

3.4 

74.9 

S.A. 7103-8-6, N 71 

1944 

9.3 

8.7 

3.1 

77,6 

S.A. 7078-7-2-7-6, N 208 

1044 

9.1 

10.4 

3.3 

76.6 

S.A. 7103-3-6, N 69 

1944 

9.7 

9.0 

3.5 

77.7 

S.A. 7003-3-9-6, N 207 

1944 

8.8 

10.7 

3.4 

71.6 

SA. 7097, N 68 

1944 

9.3 

9.8 

3.7 

75.6 

SA. 5149-4-1, N 202 

1944 

9.1 

11.8 

2,5 

72.8 

S.A. 5252-1, N 205 

1944 

8.9 

15.2 

4.3 

67.6 

. S.A. 5146-1, N 180 

1944 

9.0 

11.1 

3,1 

71.5 

SA. 7009, N 170 

1944 

9.5 

12.9 

3.6 

70.4 

Schrock, Nebr. No. 27 

1945 

9.1 

12.9 

3.3 1 

67.0 

Yellow Darso, Nebr. N 134 

1945 

9.6 

12.1 

2.8 I 

71.0 

White Darso, Nebr. 31 - 

1945 

9.3 

• 12.4 

4.0 

67.0 

SA. 7103-3-6, Nebr. 69 

1945 

8.4 

11.0 

3.5 

69.2 

SA. 7103-8-6, Nebr. 71 

1945 

10.3 

12.3 

3.1 

70.6 

Martin, Nebr. 59 

1945 

8.7 

14.8 

3.6 

66.6 

Midland, Nebr. 47 

1945 

9J2 

13.0 

3.4 

71.3 

Grain, waxy 

Cody H.C. 39-140, N 193 

1944 

9.3 

12.0 

3.4 

73.4 

Waxy Kafir, SA. 7113, Nebr. 48 

1944 

9.4 

13.0 

4.4 

71.3 

Waxy Milo, S.A. 5053, Nebr. 49 

1943 

9.0 

14.7 

3.8 

67.7 

Waxy Sooner, S.A. 5227-5, N 195 

1943 

8.9 

14.0 

4.5 

68.6 
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Sample 

Crop 

year 

Mois¬ 

ture 

(Moisture-free basis) 

Pro¬ 

tein 

Crude 

fat 

Starcii 



% 

% 

% 

% 

Oklahoma: 






Grain, non waxy 



1 



Shallu, C.I. 185 

1945 

10.2 

15.6 

3.8 

62.8 

Bonar (Durra) x Dwf. Brown Kaferita 

1945 

10.4 

13.2 

3.0 

70.3 

Grain, waxy 






Cody (Perkins) 

1945 

11.9 

12.3 

3.4 

74.3 

White Schrock 

1945 

11.8 

12.0 

4.1 

67.3 

71 X Leoti 

1945 

12.2 

12.7 

3.2 

71.8 

Texas: 






Grain, non waxy 






Waxy Club x Bonita, S.A. 55Q0-4 

1945 

9.0 

7.7 

2.5 

81.8 

Bonar Durra x Texas Dbl. Dwf., S.A. 






5345-8-M 

1945 

9.1 

9.7 

3.6 

76.2 

Bonar Durra x Texas Dbl. Dwf., S.A. 






5345-8-1-3 

1945 

9.3 

9.5 

2.9 

75.6 

Dbl. Dwf. White Sooner, S.A. 5155-5 

1945 

9.5 

11.4 

3.5 

74.5 

Dbl. Dwf. Yellow Sooner, S.A. 5155-36 

1945 

10.2 

1.9 

3.5 

76.1 

Shallu, S.A. 5375 

1945 

10.3 

10.0 

4.2 

73.9 

Dbl. Dwf. Shallu, S.A. 5523-18-2 

1945 

9.1 

10.6 

4.2 

67.8 

Grain, waxy 






Waxy Kafir, S.A. 5178 

1945 

9.0 

14.0 

3.4 

71.3 

Waxy Whiteseed, S.A. 5107-5-2-1 

1945 

9.3 

11.5 

3.8 

72.8 

Waxy Club x Waxy Whiteseed, S.A. 5580-2 

1945 

9.8 

12.7 

3.1 

71.2 

Waxy Club x Waxy Whiteseed, S.A. 5581-11 

1945 

9.6 

11.2 

3.4 

77.0 

Waxy Club x Waxy Whiteseed, S.A, 5581-27 

1945 

9.5 

11.3 

3.6 

72.3 

Waxy Club x Waxy Whiteseed, S.A. 5581-28 

1945 

9.4 

12.0 

2.7 

75.3 

Waxy Club x Bonita, S.A. 5500-50-1 

1945 

9.4 

10.5 

2.9 

74.8 

Waxy Club x Bonita, S.A. 5590-43 

1945 

8.3 

11.5 

2.5 

73.7 

Waxy Club x Bonita, S.A. 5590-50-2 • 

1945 

9.4 

9.7 

2.9 

74.4 

Dwf. Blackhull Waxy Kafir, 






S.A. 5036-1-3-4-2-2 

1945 

9.3 

14.3 

3.5 

71.9 

Dbl. Dwf. Waxy Blackhull, S.A. 5547 

1945 

9.1 

12.9 

3.3 


Dwf. Yellow Waxy Milo, S.A. 7080 

1945 

9.0 

13.0 

3.2 


Dwf. Yellow Waxy Milo, S.A. 5404 

1945 

9.5 

8.9 

3.5 


Dalhart x Dwf. Yel. Waxy Milo, 






S.A. 5502-3-3 

1945 

8.8 

11.5 

3.7 



suitable varieties of sorghum and other cereals which contained starches 
with practically 100% amylopectin characteristics. There are many 
indications that these starches will continue in importance in the years 
to come. At the same time, a starch with a very high proportion 
of amylose might also have industrial uses, possibly in the production 
of fibers, as indicated by Whistler and Hilbert (1944). For that reason, 
a search was made among the sorghum samples studied here for high- 
amylose starches. 

Three methods are generally available for the estimation of the 
relative amounts of amylose and amylopectin in starches. (1) The 
starch may be dispersed in water by autoclaving and then saturated 
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with a polar organic substance, such as »-butanoI, which causes the 
amylose to precipitate while the amylopcctin remains in solution; 
this is Schoch’s (1942) method. (2) The starch may be dissolved in 
potassium hydroxide, then neutralized and titrated with iodine solu¬ 
tion by means of the electrometric method devised by Bates, French, 
and Rundle (1943). (3) The starch may be dissolved in sodium hy¬ 

droxide, neutralized, and then diluted to give a final concentration of 
0.002% starch. Iodine solution is added and light transmittance 
measurements are then made with a spectrophotometer at a wave 
length of 610 m/i, according to the procedure of Kerr and Trubell 
(1943). McCready and Hassid (1943) have proposed a similar method. 
All of these methods require that the starch be isolated from the plant 
material and be essentially free from noncarbohydrate matter. 

In many instances, however, it is advantageous to be able to esti¬ 
mate the relative amounts of amylose and amylopectin without first 
isolating the starch. Such a rapid method has been developed by 
Kerr * and it consists principally in dispersing 2 g of the ground grain 
in calcium chloride solution (sp. gr. 1.30 at 20“C, pH of 2.5) and meas¬ 
uring the optical rotation of this solution in order to calculate the 
amount of starch present. An aliquot of this calcium chloride solu¬ 
tion sufficient to contain 0.04 g of starch is then diluted with water so 
that a final starch concentration of 0.002% is obtained. Iodine solu¬ 
tion is then added and the light transmittance is measured at 610 m^. 
A standard curve, obtained by plotting the logarithm of the percentage 
transmittance against the percentage of amylose, was prepared by 
using an amylose and amylopectin which had been fractionated from a 
representative sample of sorghum starch. 

When this method was applied to the sorghum samples containing 
nonwaxy starches, it was found that the percentage of amylose ranged 
from 27 to 45%. However, by first separating the starch from the 
grain, defatting it with methanol, and then titrating with iodine by the 
electrometric method of Bates, French, and Rundle (1943), the amy¬ 
lose contents ranged only from 25 to 31%. It is apparent then that 
the rapid method does not give absolute values for amylose content. 
Nevertheless, it is still useful in obtaining a relative evaluation of a 
large number of grain samples.* For example, most of the waxy 
samples analyzed between 0 and 5% amylose. On the other hand, a 
pea starch, which was known to contain a high proportion of amylose, 
gave a value of 90% by this method. It is, therefore, concluded that 

• This method wzs obtained from Dr. R, W. Kerr of the Com Products Refinmg Company in a 
pnvate communication. 

* A method develop^ by Nielsen and Gleason (1945) for the determination of starch by measuring 
the light tran sm i s s io n of starch-iodine solutions mls^t also be usdful in obtaining relative values oi 
amylose content. 
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the nonwaxy sorghum samples studied here contained the normal 
amount of amylose, namely, from 25 to 30%, and that none had an 
exceptionally high percentage of amylose. 

Properties of Sorghum Starches 

The sorghum grains were processed for starch by using a laboratory 
method proposed by MacMasters and Hilbert (1944). The grain 
was steeped in 0.3% sulfur dioxide solution for 48 hours at 4S®C. A 
100-mesh metal screen sieve was used in place of the No. 17 standard 
bolting silk to separate the starch from the germ, bran, and larger 
fragments. 

In general, the waxy starches did not separate so easily from the 
protein layer as the nonwaxy starches. It was also observed that the 
starch from grains containing water-soluble pigments was usually 
colored. 

The pasting characteristics of the sorghum starches were examined 
by means of the Brabender Amylograph as described by Anker and 
Geddes (1944) and Brown and Barrel (1944), Scott and Stormer vis¬ 
cosities, and light transmittance studies. Typical amylograph curves 
for sorghum and corn starches, both waxy and nonwaxy, were made, 
employing 30 g of starch and 450 ml of distilled water. The viscosities 
of several sorghum and corn starches were determined by using the 
Stormer and Scott viscosimeters. Two-hundred ml of a 2% starch 
suspension was heated to boiling over an open flame, and then kept 
for exactly 10 minutes in a bath of boiling water. In both methods 
the viscosimeter cup was maintained at 90®C. The 100-g weight was 
used with the Stormer viscosimeter, and the time in seconds was re¬ 
corded for one complete revolution of the dial pointer. In the case of 
the Scott viscosimeter the time in seconds required for 50 ml of the 
paste to flow through the orifice of the cup was recorded. 

The transition point, which is defined as the temperature at which 
the first perceptible increase in viscosity takes place (Cook and Axt- 
maycr, 1937), occurred in the amylograph curves at about 30 minutes 
for waxy and 40 minutes for nonwaxy starches, i.e., at a lower tem¬ 
perature for the waxy than for the nonwaxy (Figure 1). It is also 
apparent that the maxima of the curves for the waxy types are much 
larger than those for the nonwaxy. Microscopic examination showed 
that most of the nonwaxy starch granules had disintegrated completely 
after the peak in the curve had been reached. However, in the case of 
the waxy starches there were a few small, blue-staining granules (non¬ 
waxy) which appeared to be unaffected during the pasting process. 

The viscosity results, along with the maxima obtained with the 
amylograph, arc summarized in Table III. In general, the viscosities 
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t. Waxy sorghum (Cody H.C. 39-142) 
Waxy maize 

3. Nonwaxy sorghum (Atlas C.l. 899) 

4, Nonwaxy com 


TABLE III 

Viscosities of Starches 


Sample 

Stormer^ 

Scott 

Brabender 

maxima 


Seconds 

Seconds 


Com starches 




Com (commercial) (nonwaxy) 

7 

13 

295 

Waxy maize (commercial) (waxy) 

9-10 

17 

680 

Somhum starches (nonwaxy) 

Western Blackhull, C.L 906 




8 

14 

400 

Feterita, C.L 182-1 

8 

14 

365 

Martin, SA. 5330 

8 

13 

400 

Pink Kafir. C.L 432 

8 

14 

425 

Atlas, C.I. 899 

8 

14 

340 

Sorghum starches (waxy) 


37 

900 

I^ti Red, C.L 1120 

15-12 

Leoti X Atlas, H.C. 42-27 

12-10 

36 

800 

Cody, H.C. 39-142 

16-12 

58 

990 


1 For the nonwaxy starches the Stormer values did not change with time. For the waxy starches, 
however, the time is recorded after the first and cteventh minute. 
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of the waxy starches were higher than those of the nonwaxy. The 
Stormer viscosities showed only small differences between corn and* 
sorghum starches, either waxy or nonwaxy; the Scott viscosities 
differentiated more between the waxy corn and waxy sorghum; 
whereas the Brabender results indicated differences in both the waxy 
and nonwaxy types of corn and sorghum. The variations in the 



Fig. 2. PoRilng of starches (0.51% pastes). 

1. Waxy aorrimm (Cody H.C. 39-142) 

2. Waxy maize 

3. Nonwaxy sorghum (Pink Kafir C.I. 432) 

4. Nonwaxy com 

Brabender maxima for any one series of starches may be due to differ¬ 
ences either in the grain variety or in the effects of processing. Some¬ 
what similar viscosity results have been published by Barham and 
co-workers (1946). 

The method of Morgan (1940) was used in studying the pasting 
properties of several samples of starch. This method is based on the 
change in light transmission of starch slurries during heat gelatiniza- 
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tion. Light from a 100-watt projection bulb was passed through a 
collimating lens on through the tube in which the paste was formed, 
and then onto the photoelectric cell. The heating was performed at 
the rate of about 2,5°C per minute. A Weston Illumination Meter, 
Model 603, was used to measure the intensity of the light. The values 
for the light transmitted, in arbitrary units, were plotted against the 
temperature. Representative results for corn and sorghum starches, 
given in Figure 2, point to the fact that there are no outstanding 
differences in the waxy starches of sorghum and corn; likewise, the 
nonwaxy starches of the same two cereal grains give quite similar 
light transmission curves. Photomicrographs of ungelatinized waxy 
and nonwaxy starch granules from corn and sorghum gave little or no 
evidence of any differences and contributed to the belief that the 
sorghum and corn starches have many properties in common. 

Summary 

Numerous samples of sorghum grains from Kansas, Nebraska, 
Oklahoma, and Texas were analyzed for protein, starch, and crude 
fat contents. The fact that the majority of the grain sorghums had 
approximately the same proportions of protein, starch, and crude fat 
may be important in considering their use in industry. In the line of 
exceptional varieties, one sample analyzed 7.7% protein, 2.5% crude 
fat, and 81.8% starch; another sample had a high crude fat content 
of 4.3%. 

A rapid method involving the use of a saccharimeter and a spectro¬ 
photometer was employed for the estimation of the amylose contents of 
the sorghum starches. With the whole grain the results were high, 
but still of value in detecting any unusual properties with regard to 
amylose content. The nonwaxy sorghum samples contained the 
normal amount of amylose, namely, from 25 to 30% as determined 
by the electrometric iodine titration. No sample had an exceptionally 
high percentage of amylose. 

Pasting characteristics of several waxy and nonwaxy sorghum 
starches, determined by means of the Brabender Amylograph, Scott 
and Stormer viscosities, and light transmission studies, showed a close 
similarity between com and sorghum. 
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COMPOSITION OF THE COMPONENT PARTS 
OF THE CORN KERNEL 

F. R. Earle, J. J. Curtis, and J. E. Hubbard 

Northern Regional Research Laboratory,^ Peoria, Illinois 
(Received for publication May 10, 1946; presented at the Annual Meeting, May 1046) 

The breeding of corn for commercial production has been guided 
almost entirely by agronomic factors such as yield, general appearance 
of the plant and grain, and resistance to disease and lodging. It is 
generally agreed that it would be desirable to have a high-protein corn 
for feeding and a high-oil corn for milling, but these factors have been 
given little consideration by the corn producers. Unless the milling 
industry can offer special inducements, production of high-oil corn is 
unlikely unless the agronomic characteristics are at least as favorable 
as those of other available varieties. There are significant differences 
in the oil contents of the hybrid corn varieties which are widely grown 
at the present time. A study of some of these varieties shows the 
possibilities of advantage in processing high-oil corn. 

It should be emphasized that the data in this paper indicate that 
better hybrids can be developed for processing but are not to be con¬ 
sidered as recommendation or condemnation of specific varieties. 

If the high-oil corn is to be of special value to industry, it is essen¬ 
tial that the increase in oil be largely in the germ. In order to show 
the location of the oil in current varieties of corn, 11 samples have been 
carefully separated by hand into four portions consisting of endosperm, 
germ, bran, and tip-cap. The samples were selected to include one 
yellow and one white hybrid variety of high-oil content and one each 
of low-oil content. Three other yellow hybrid varieties of intermediate 
oil content were included, one of them being represented by two 
samples grown at different stations in 1945 and by one sample grown 
at one of the same stations in 1942. A flint and a flour corn were also 
included to see if such diverse types would have unusual proportions. 

Methods 

The method of separation was similar to that of Hopkins, Smith, 
and East (1903) except that cold water was used to soak the corn to 
loosen the bran and the time of soaking was kept to the minimum 
necessary to permit the hand separation, usually between S and 30 
minutes. In order to get an indication of the uniformity of the sam¬ 
ples, each sample was divided into four portions of about 75 g and each 

^One of the laboratoiiee of the Bureau of Asricultural and Industrial Chemistry, Agricultural 
Research Admiuiatration, U. S. Department of Agncalture. 
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portion separated into endosperm, germ, bran, and tip-cap fractions. 
After air-drying, the fractions were examined for completeness of 
separation and weighed. The physical proportions determined on the 
four replications were in such good agreement that the replicates were 
combined and only the average result is reported. 

In preparing the samples for analysis, the endosperm was ground in 
a hammer mill, the bran and tip-cap in an intermediate model Wiley 
mill, and the germ was coarsely ground in a small attrition mill. 
Since the samples were air-dried before grinding it is considered that 
there would be no great change in moisture during grinding. The 
tip-cap fraction was so small that it was necessary to use composites 
for analysis.' One composite represented six of the yellow double- 
cross hybrids and the other represented the flint corn, the flour corn, 
and the two white single-cross hybrid strains. These two composites 
had such similar analyses that the average of the two was used in 
connection with each of the 10 samples of grain. The tipH'ap from 
the remaining sample was obtained later and the amount was so small 
that only a partial analysis could be made. 

Samples of the grain and the fractions resulting from the separation 
were analyzed for moisture, ash, nitrogen, oil, sugar, and starch. The 
methods of the Association of Official Agricultural Chemists (1940) 
were used to determine moisture, ash, nitrogen, and sugar. Oil was 
determined as in the A.O.A.C. method for oil in cottonseed except that 
the sample was unwrapped after about 4 hours, groundTn a mortar, 
and then extracted overnight. Starch was determined by the Clen- 
denning polarimctric method (1945) using uranyl acetate as the pro¬ 
tein precipitant. 


Discussion 

All analyses arc reported on the moisture-free basis. 

The identity of the corn samples and the chemical composition are 
shown in Table 1. The physical and chemical composition of the 
fractions is shown in Table II. In Table III, derived from Table II 
by calculation, is shown the amount of each determined constituent 
in each fraction expressed as the percentage of the whole kernels. 
Also in Table III is shown the amount of each constituent which occurs 
in each fraction expressed as the percentage of the total amount of 
that constituent in the whole kernels. 

The composition of the whole corn kernel was calculated from the 
composition of its parts, as given in the first part of Table III, by 
totaling for each constituent the percentage found in the four fractions 
of each sample of whole kernels. This calculated composition has been 
included in Table I for comparison with the composition obtained 
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directly by analysis of the kernels. In general, the agreement is 
excellent, ^e principal disagreement being in the figures for starch In 
the flint and flour corns. Some of the differences in the ash and sugar 
results can be explained by the extraction of solubles from the whole 
grain during the soaking period. The amount of solubles was not 
measured for these samples, but in some later work it was found to be 


TABLE I 

Composition of Whole Corn 


Sam¬ 

ple 

No. 


1 

Crop 

year 

Wt. 

per 

1,000 

ker¬ 

nels 

Moisture-tree basis 

\’ai leti 

Source 


Ash 

Pro¬ 

tein 

(NX 

6.25) 

OU 

Sugar 

Starch 





S 


% 

% 

% 

% 

% 

I 

Io\ta 939 

Ames, la. 

1942 

305 j 

Determined 

1.52 

8.2 

3.9 

1.77 

74.0 






Calculated^ 

1.64 

8.3 

4.1 

1.80 

74.2 

2 

U. S.'l3 

Ames, la. 

1942 

284 

Determined 

1.47 

8.1 

4.3 

1.79 

73.7 






Calculated 

1.45 

7.8 

4.2 

1.56 

74.0 

3 

U. S. 13 

Ames, la. 

1945 

257 

Determined 

1.33 

9.8 

4.3 

1.61 

73.7 




1 


Calculated 

1.33 1 

9.6 

4.3 

1.60 

73.5 

4 

U. S. 13 

Wooster, O. 

1945 

260 

Determined 

1.47 

11.1 

4.7 

1.74 

72.0 






Calculated 

1.44 

10.9 

4.7 

1.81 

73.0 

S 

Illiaois 201 

Ames, la. 

1942 

299 

Determined 

1.58 

8.4 

4.7 

2.22 

73.1 






Calculated 

1.67 

8.3 

5.0 

1.71 

73.6 

6 

U. S. 44 

Ames. la. 

1942 

273 

Determined 

1.39 

8.2 

4,7 

2.06 

74.2 






Calculated 

1.50 

8.1 

4.8 

2.03 

74.4 

7 

Illinois 2003 

Illinois 

1942 

315 

Determined 

1.48 

11.5 

5.6 

2.20 

67.8 



j 



Calculated 

1.50 

11,7 

5.8 

2.07 

68.7 

S 

Ind. 33-16 X K64 

Chillicothe, 0. 

1944 

305 

Determined 

1.27 

9.6 

4.1 

2.12 

73,4 






Calculated 

1.38 

9.4 

4.2 

1.92 

73.9 

9 

T18 X Tx4R3 

ChUUcothe. 0. 

1944 

418 

Determined 

US 

11.4 

5.8 

2.01 

70.0 






Calculated 

1.44 

11.4 

5.9 

1.89 

70.6 

10 

Gehu Flint 

Bismarck, 

1940 

215 

; Determined 

1.51 

13.6 

5.6 

2.03 

67.8 



N. Dak. 



Calculated 

1.SS 

13.4 

5.5 

1.97 

69.8 

11 

Mandan White Flour 

Bismarck, 

1940 

225 

Determined 

1.49 

13.2 

5.6 

2.14 

66.8 



N. Dak. 



Calculated 

1.68 

13.3 

5.7 

2.07 

69.1 


Average 




Determined 

1.44 

10.3 

4.8 

1.97 

71,5 


High 



1 

Determined 

1.58 

13.6 

5.8 

2.22 

74.2 


Low 




Determined 

1.27 

8.1 

3.9 

1.61 

66.8 


> Calculated from data in Tables II and III. 
Comi>osite of seven samples. 


not more than 0.25% of the total sample. Of this amount approxi¬ 
mately one-fourth was ash and one-fourth protein, and the remainder 
was assumed to be carbohydrate. Unless there is a special interest in 
the sugar or protein content of the bran, it is believed that the errors 
due to the extraction of soluble materials are insignificant. 

The results of this study of hybrid corn are in excellent agreement 
with the more extensive study made in 1903 by Hopkins, Smith, and 







TABLE II 

Composition of Corn Fractions 
(MoisUire-frec Basis) 


Sample 

No. 

Va-iicty 

! 

! Proportion 

1 of whole 

1 mum 

Ash 

Pio- 
tem 
<N X 
0.i5) 

Oil 

Sugar 

Starch 


Endosperm Portion 

! S' 

% 


"o 


% 

1 

Iowa 930 

83.0 

0.46 

7.2 

0.8 

0.77 

87.8 

2 

U. S. 13 

1 82.7 

.32 

6.7 

.7 

.47 

88.0 

3 

U. S. 13 

83.5 

.23 

8.8 

.8 

.48 

86.9 

4 

U. S. 13 

82.7 

.22 

10.4 

.9 

.82 

86.4 

5 

Illinois 201 

82.1 

.46 

7.2 

1.0 

.48 

87.8 

6 

ir. S. 44 

81.8 

.27 

6.9 

.8 

.70 

88.9 

7 

Illinois 200^ 

1 80.3 

.28 

11.1 

.9 

.64 

83,9 

8 

Ind 33 -16 X K64 

83.0 ' 

.32 

8.6 

1 .8 

.64 

1 87.2 

Q 

T18 X Tx4 R3 

81.7 i 

.23 

10.8 

1.1 

.49 

84.5 

10 

Crtihu Flint 

80.6 ! 

.24 

12.8 

.8 

.73 

84.7 

11 

Mtinclan While I'lour 

79.7 

.33 

12.8 

.8 

.81 

84.7 


Average 

81.9 

.31 

9.4 

.8 

.64 

86.4 


High 

83..s ' 

.46 

12.8 

1,1 

i .82 

88.9 


Low 

79.7 

.22 

6.7 

.7 

.47 

83.9 

i 

Germ or Embryo Portion 






1 

1 

Iowa 939 

10.5 

11.31 

18.9 

31.1 

10.36 

9.0 

2 I 

V. S. 13 

11.0 

10.22 

18.0 

32.6 

10.36 

9.2 

3 

U. S. 13 

10.2 

10.50 

19.0 

34.9 

11.46 

i 5.1 

4 

ir. s. 13 

10.9 

11.04 

18.4 

35.1 

10.13 

8.8 

5 ; 

Illinois 201 

11.9 

10.31 

17.3 

34.0 

10.80 

8.1 

6 

U. S. 44 

12.,^ 

10.15 

18.3 

33,1 

10.00 

8.0 

7 

Illinois 200* 

12.8 

9.67 

20.0 

38.9 

11.95 

6.2 

8 

Ind 33-16 X K64 

10.9 

9.87 

18.7 

31.6 

12.51 

10.0 

0 

T18 X Tx4R3 

13.1 

9.38 

18.2 

37.9 

11.51 

10.0 

10 

(^hu Flint 

13.5 

9.50 

20.2 

35.3 

10.00 

8.0 

11 

Mandaii While Flour 

14.1 

9.16 

19.9 

35.0 

9.87 

8.0 


iVverage 

11.9 

10.10 

18.8 

34.5 

10.81 

8.2 


High 

14.1 

11.31 

20.2 

38.9 

12.51 

10.0 


Low 

10.2 

9.16 

17.3 

31.1 

9.87 

5.1 


Era It Portion 







1 

loWii 939 

5.7 

1.01 

3.8 

1.2 

.52 

7.0 

2 

U. S. 13 

5.5 

.97 

3.3 

.7 

.27 

3.5 

3 

IT. S, 13 

5.2 

.90 

3.9 

.9 

.34 

6.5 

4 

CJ. S. 13 

5.4 

.86 

3.8 

1,1 

.36 

8,2 

5 

Illinois 201 

5.3 : 

.97 

3.8 

1.2 

.39 

10.4 

6 

IJ. S. 44 

5.1 1 

.36 

3.0 

1.1 

.29 

7.7 

7 

Illinois 20()i 

6.2 

.36 

3.8 

.7 

.28 

8.0 

8 

Imi 33 16 X K61 

5.1 1 

.36 

2,9 

,8 

.19 

7.0 

0 

T18 X 'rx4R3 

4.4 

.29 

3.6 

1.1 

,42 

7.5 

10 

Gchu Flint 

5.1 

J.18 

4.6 

1,0 

.32 

7.0 

n 

Main Ian White Flour 

5.5 

2.00 

4.6 

,9 

.32 

7.1 


Average 

5.3 

.84 

3.7 

1.0 

.34 

7.3 


High 

6.2 

2,00 

4.6 

1.2 

.52 

10.4 


Low 

4.4 i 

.29 

2.9 

,7 

.19 

3.5 


Tip Cap Portimi 







3 

U. S. 13 

l.l" i 

1.95 

10.7 

3.9 




Composite * 

.8 (Av.) 

1.59 

9.1 

3.8 

1.61 

5.3 


Composite * 

.8 CAv.) 

1.43 

9.2 

3.7 

1.44 

5.3 


^ Composite nf seven saniplcj. 

» Composite ol six yoUow dent varictich. 

3 Composite of one flint, one flour, und two white dent vai ictie*'. 
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s 

Starch 


p Os 00 Os « p 
oo*odo6odt^t^«)j>t^i>t^ 
OsOsO\O^OsOsO\OsOsOs^ 

98.0 

98.7 

97.7 

^ ^ “"i '®. 

p p p 

3 

t 

8-1 

V 

1 

C/1 


^pppppoopespcs 
\d id id fo 00 * rjJ r«^ os' ^ 
P0(N<Nf0fSeNCMP4C^C^f0 

28.2 

37.3 

21.2 

p p 00 p p 9 

rH rd cd d *d d fd i> 00 
\Ot^t^Ot>tN.t^t^c-soo 

70.2 

77.2 
60.8 

•OtS 

f! 

Oil 


p p p p Th p p C>» »0 p 

sdcdTjJsdt^fdc^vdid^Hi-I 

14.5 

17.4 

11.5 

p p p p ®i 9 9 ®i 9 p 9 
THidrd^p'^sd'^tdt'^sd 
OOOOOOOOOOOOOOOQOOQOOO 

83.7 

87.1 

80.9 

If 

1 

Protein 
(N X6.25) 


p p p P p ip p ^ p p 

<N ^ SO 00* cd O' sd id SO 

74.8 

78.9 
69.5 

pp p p pp p p p p p 
fd id d 00 TjJtNi' T-I .H d d t-I 
eN<NW^CNCSrslfN(NCSC4 

22.4 
27.8 

18.4 

o: 

Ash 


p cs p p *^1-; p p p pt^ 
pdoOT^cicS'd^idosrde^id 

16.5 
23.3 

12.5 

ppppppppcspp 

cdt^ppdtddfdodidcdt^ 

r^c*oooot^ooo0r^ooooi>* 

79.7 

85.2 

72.4 

1 

3 

1 

Starch 


pppppi^ppppp 

cdesed^eseMt^cdosodt^ 

i>i>-t^t**^r'0^-s0so'0 

70.8 

72.9 
67.4 

p p p p p p p p p p p 

O ^ tH .H 

ppp 

•s 

1 

Sugar 


po^oooat-’^fooOkio 

sOeOTi<'0<^V)iOmr|<iO'0 

d 

«'?OOOs 

ppp 

OsrJ^r-OOOtOfOsOsOioOs 
p p p p p p p p p p p 

1.30 

1.53 

1.09 









Oil 


so so 00 Os so r-OS so 

d 

t^pp 

ppppppppppp 
fd fd fd cd ^ id td id -TjJ 

pOfO 

liJidcd 

p 

1 

■8 

Protein 

(NX6.2S) 


p p p P p P p C4 p P N 

sdidi>o6sdidodt^oodd 

J>.pp 

»>did 

ppppppppppp 

C4CS^«SCNCS(NCSC4cicN 

ppp 

§ 

I 

Ash 

65 

aoso0s00 00r4c»i>0>0sso 

d 

lOOOOO 

tspp 

osN>.ofoiO'<i<oOfr)ooos 

ppppppppppp 

vHT-4^T-S.HT-«w-4.H.H'rHirH 

1.20 

1.29 

1.07 

J 

j 

1" 

> 

Endosperm Forlion 

Iowa 939 

U. S. 13 

U. S. 13 

U. S. 13 

Illinois 201 

U. S. 44 
lUinois 200 * 

Ind 33-16 X K64 

T18 X Tx4R3 

Gehu Flint 

Mandan White Flour 

Average 

High 

Low 

Germ or Embryo Portion 
Iowa 939 

U. S. 13 

U. S. 13 

U. S. 13 

Illinois 201 

U. S. 44 

Illinois 200 * 

Ind 33-16 X K64 

T18 X Tx4R3 

Gehu Flint 

Mandan White Flour 

Average 

High 

Low 

4 

c 

£ 



^ 04 to »0 \000 os O 

iH T-t 


tH CO»0 NO 00 Ot o ^ 



leBB 0.05%. * Composite of bevcn samples. 
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11 

I’g 


3^ 

'sl 


lO fO *0 vO »0 1>* tolo VO lOt^fO 

^6. 


t^O'-<’»-vrsit^00iOOC!000 Ot^tO 


»> 00 T-J 00 vq NO to 00 VO VO to ^ iq 
O 


ofO<N N 00 o 00 OvON *H|>.00 


00 o 00 tq vq Ot >q vq tq O '■ 

6 ’ . 


cl to 

2X 

Ot!?; 


vq <q 00 'sih oq q vD os p vq tH 

eSCNCN'^CN»HtN^fHif4*-< 


Cv p p p p p 

q'th’*’’'-!'*’ tH 


iq vq iq M ^ (S tq rq Os OV vq Qs \q Ov 
5? 'rJrrJpOrO'rJi-Ii-irH ‘rovd CSV© 


p p p p T-j oq X !>. p p p 

Q ’ 't-I 1-J 


B? d. 


-tvoe^i «x<^i-hxxx^«xx »«m« 

d * 


fOtNCvlrSfNnM-r-iP^lcslN 

^ ooooooooooo ooo 


X X X X- xx««x«»x««x xx<» 


^vo 


fSfse^ojMfNMr^wr'ies CNCses 

B? d. d * ’ 


I 


to to to to to <N Ol r -1 rH o to 1 H T-t 
pppppppppp-J p-J© 

o 


3 I 

.s 



’■£ yV*H 3 S'S.i ^ S2rt2.«3!.gtJ) S'Sife 

§5&£iti5liS5HcSS 


* I 

.§ 


V 


r«tC'^f0'?)HIO'Ot^00a'O'»-« 


^(Nco’vittovox^ooavOvH 


ti»gg than 0.06%. * Composite of seven samples. 
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Voi 2 ; 


East on their strains of corn selected for high and low protein and for 
high and low oil. This probably means only that hybridization has 
not changed the physical proportions of the kernel and that any con¬ 
clusions to be drawn from the early data will apply equally well to 
present-day hybrids. 

The utilization of the data of this study will depend entirely on the 
interest of the user. The primary purpose of this paper is to show the 
distribution of oil in the corn kernel and only relevant data will be 
discussed. For other purposes many interesting relationships might 
be found. 



Figure 1 shows that proportion of the whole grain which occurs as 
oil in the germ plotted against the total oil in the sample. The correla¬ 
tion between the protein in the endosperm and that in the whole grain 
is equally good. Use of Figure 1 permits an estimate of the amount of 
oil which might possibly be recovered in processing a sample of corn 
of known total oil content. In illustration of this use, Table IV shows 
the possible recovery of oil from high-oil and low-oil com. The calcu¬ 
lations are based on 100 pounds of moisture-free corn and it is assumed 
that 100% of the germ will be separated free of other material and that 
the germ cake will contain 5% oil. These figures can be modified for 
any particular installation where the percentage of germ recovery and 
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TABLE IV 


Oil Yield from Corn 
(B ased on 100 pounds of moisture-free corn ) 

III 200 

Iowa 930 


Potimis 

Pounds 

Weight of oil in kernels 

5.6 

3.9 

Weight ol germ 

12.8 

10.5 

Weight ol oil in germ 

5.0 

3.3 

Weight of oil in germ cake 
(5% residual oil) 

.4 

.4 

Weight oi oil recovered 

4.6 

2.9 


the amount of nongerm material in the germ cake are known. Incom-’ 
plelc recovery of germ would reduce the oil yield proportionately. 
The presence of nongerm materials and excess oil in the germ cake 
would reduce the yield by equal amounts in the processing of high- 
and low-oil corn but the percentage reduction would be greater for 
the low-oil corn. 


Summary 

Eleven samples of corn grain were separated by hand into fractions 
representing the endosperm, germ, bran, and tip-cap. The grains and 
the resulting fractions were analysed for moisture, ash, nitrogen, oil, 
sugar, and starch. 'Fhe endosperm contains approximately 16% of 
the total ash, 75% of the total protein, 15% of the oil, 28% of the sugar, 
and 98% of the starch. The germ contains approximately 80% of 
the total ash, 22% of the protein, 84% of the oil, and 70% of the 
sugar. I'he data show high correlation between the amount of oil in 
the grain and the amount in the gcTin. 
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INFLUENCE OF INGREDIENTS ON THIAMINE RETENTION 
AND QUALITY IN BAKING POWDER BISCUITS 

Alice M. Briant and Marcia R. Hutchins 

New York State College of Home Economics and Agricultural Experiment 
Station, Cornell University, Ithaca, New York 

(Received for publication June 14, 1946) 

In self-rising flour biscuits, Barackman (1942) reported 85% of the 
thiamine was retained if the pH of the baked product was 7.1 or lower. 
He obtained slightly better retention of thiamine when fluid milk was 
substituted for water. Williams and Fieger (1944) reported that 
thiamine content of enriched-flour biscuits decreased with increase in 
the pH of the dough mixture. 

Because little is known of the retention of thiamine in home- 
baked enriched-flour products, a study was made of the effect of certain 
ingredients on thiamine retention in baking powder biscuits made by a 
household method. The effect of the variables on the quality of the 
biscuits was also studied. 

Materials and Methods 

A basic formula (Table I) was used for the biscuits, and variations 
from this were made in liquid and in leavening agent (Table II). 
A standard household method of preparing the biscuit dough was used. 

TABLE I 

Basic Formula for Biscuits 


Ingredient 

Flour, pastry. 

Salt. 

Fat, hydrogenated v^etable. .. 

Baking powder, sodium aluminum sulfate-phosphate 
Fluid whole milk. 

1 From 3 to 6 g additional flour was used in kneading and rolling. 

The dough was rolled to f-inch thickness, and the biscuits were cut 
two inches in diameter. They were spaced uniformly on a baking 
sheet and baked in a household type gas oven at 4S0®F for 12 minutes, 
or for 15 minutes when water was the liquid. 

In Table II, the experiments are grouped according to the ingre¬ 
dients studied. For each day’s baking, one batch for each variable 
in the group was prepared. In all, five batches for each variable were 
baked. A different bag of flour was used for each group of experi¬ 
ments, but all the flour was from the same mill lot. 

512 
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Sampling methods were designed to reduce to a minimum the 
variation due to manipulation and to lack of homogeneity of the dough. 
The position of the biscuits relative to each other was maintained 
throughout the cutting, baking, and cooling processes. The different 

TABLE II 


Variations in Liquid and Leavening Made in the Basic Formula 


Gioup 

Ingredients 

Amount 

I. Different liquids 

Fresh whole milk 

240 ml 


Evaporated milk 
plus water (distilled) 

120 ml 

I 120 ml 


Dry whole milk i 
plus water (distilled) 

29 g 

214 ml 


Water (distilled) 

214 ml 

11. Different types of 
baking powder 

Sodium aluminum sulfate-phosphate baking 
powder (3 brands) 

Phosphate baking powder 

Tartrate baking powder 

12.3 g» 

19.3 g* 

22.8 g * 

III. Different amounts of 
baking powder 

Sodium aluminum sulfate-phosphate baking 
powder 

Sodium aluminum sulfate-phosphate l)aking 
powder 

12.3 g » 

18.4 g 

IV. Constant amount of 
lactic acid with vary¬ 
ing amounts of baking 
soda ® 

Lactic acid 

Sodium bicarbonate 

Sodium aluminum sulfate-phosphate baking 
powder 

2.05 g^ 
1.64 g 6 

10.28 g 


Lactic acid 

Sodium bicarbonate 

Srxlium aluminum sulfate-phosphate baking 
powder 

2.05 g 
2.50 g 
6.54 g 


Lactic acid 

Sodium bicarbonate 

Scxlium aluminum sulfate-phosphate baking 
powder 

2.05 g 
3.00 g 
4.52 g 


Lactic ackl 

Sodium bicarbonate 

Sodium aluminum sulfate-phosphate baking 
powder 

2.05 g 
3.50 g 

2.16 g 


Lactic acid 

Sodium bicarbonate 

Sodium aluminum sulfate-phosphate baldng 
powder 

2.05 g 
4.50 g 

0.00 g 


1 Whenever dry whole milk was used it was mixed with the dry ingredients. 

» This amount is that recommended by the manufacturer for use with the amount of flour in tlie 
basic recipe. 

»29 g of dry whole milk plus 214 ml distilled water were used in these doughs. The amount of 
baking powder was varied to keep the total leavening as nearly constant bb possible. 

« This amount of lactic acid approximates that In 240 ml of full soured milk. 

* This amount of soda Is chemically equivalent to the lactic acid used. 
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l)Ositions were iuiml)ered dccordini* to the bclicme in Figure 1. Four 
of the biscuits (Nos. 1, 5, 9, 10; were ust'd for suhiective judgment, 
four (Nos. 3, 't, 8, and 12) were used for objective measurements, and 
four (Nos. 2, 6, 7, 11) were used for thiamine, dry matter, and pH 
determinations. 



Chemical Determinations 

Sampling Methods. The biscuits w^cre sampled IS minutes after 
they were taken from the oven. Two opposite quarters of bivSeuit 
number 2 and tw’o of biscuit number 6 were ground together in a 
mortar until fairly fine and crust and crumb \vcrc intimately mixed. 
One sample of this mixture w^as taken for each of the determinations 
of thiamine, dry matter, and pH. The procedure was repeated for 
biscuits 7 and 11. 

Thiamine, dr^" matter, and pH of the dough were also determined. 
Dough samples w’erc taken and weighed immediately after the biscuits 
had been cut. One sample for each determination w'as taken from 
around positions 2 and 6 and a second from around positions 7 and 11. 
The dough samples were taken from the positions adjacent to the 
biscuits used for similar determinations because preliminary experi¬ 
ments had shown this lessened the chance of large differences in thia¬ 
mine and pH values between the dough used for the determinations 
and that in the biscuits. 
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Thiamine in the flour and milk was also determined, and these 
values were used in c'alculating the amount of thiamine in the doughs. 

Analytical Methods, Thiamine was determined by a thiochrome 
method, essentially that of Conner and Straub (1941). All samples 
were blended with the acid immediately after being w'cighed. Dry 
matter was determined by tlu^ method of t he American Association of 
Cereal Chemists (1941). A Beckman pH meter was used to measure 
pH. The determinations were made on the undiluted dough and on a 
slurry of one part of ground biscuit to two parts distilled water (McKim 
and Moss, 1943). Preliminary experiments had shown the error of 
measurement on the undiluted dough to be small. Determinations of 
pH could not be made on the undiluted biscuit. 

Subjective judgments were made by three experienced judges on 
the hot biscuits 10 minutes after being taken from the oven. The 
biscuits were scored for external and internal color, tenderness of 
crust and crumb, flakiness, ('ell size, moisture, and flavor. The maxi¬ 
mum score was 100. 

Objective measurements were made after the biscuits had cooled 
to room temperature. The height of the four biscuits set one on top 
of the other was measured in centimeters. 

Compressibility of the crumb was measured using the Baker com- 
pressimeter ^ described by Platt and Powers (1940). A one-centimeter 
slice was cut from the bottom of the biscuit. The effect of the side 
crust was eliminated by cutting out a two-inch disc from the center of 
this slice and using this for the measunMnent of compressibility. 

The breaking strength of the bottom crust was measured using 
an instrument similar in principle to the Bailey sliortometer (1934) in 
which weight is added gradually to a blunt knife-edge pressing down 
on the piece to be broken. 'Fhe addition of weight ceased abruptly 
when the criust was brokcMi, and this weight was recordcK-1 as ‘'breaking 
strength." 


Results and Discussion 

The results of the complete study are shown in Table HI. Each 
figure is the average of the values obtained on five batches. The 
coefficients of variability were 5% or below for thiamine retention, 
measurement of height, and judges' scores, and were from 10 to 20% 
for the hydrogen ion concentration, thiamine content, compressibility, 
and breaking strength. 

The thiamine content of the flour and its water absorption capacity 
varied with the different bags in spite of the fact that all four bags 

iThe authors are indebted to the Borden Company, Syiacuse, New York, foi the loan of the 
compressimeter. 



Thiamine^ pll Objective measurements 


THIAMINE RETENTION IN BISCUITS 


Vol. 



[>ressed as micrograms of thiamine per gram of dry matter. * The displacement of the plunger for a stress of 28 g. 

icukitions are based on the amount of thiamine found in the flour and in the milk. * Maximum score 100. 

prised as percent of the calculated amount of thiamine in the dough. 


















Stpt. 1946 ALICE Al. BRIANT AND MARCIA R. HUTCHINS 


517 


were from the same mill lot and were stored together until used. 
These differences are reflected in all of the values for the fresh milk 
biscuits in groups 1, 2, and 3. The only difTerence in ingredients for 
these biscuits was in the flour. 

Retention of Thiamine, The Lhianiiiu' retained in the doughs was 
practically 100% of that calculated, even in biscuits with excess of 
soda. For tlie biscuits made with the different liquids, the difference 
between the extreme values for retention of thiamine is not significant.^ 

The thiamine retained in the biscuits made with the phosphate 
and the tartrate powders was significantly less than that in the ones 
made with any of the sodium aluminum sulfate-phosphate baking 
powders. These results are the reverse of those reported by Williams 
and Fieger (1944), due perhaps to a lower and unvarying proportion 
of baking powder to flour in the biscuits of Williams and Fieger. 
With a 50% increase in the amount of sodium aluminum sulfate-phos¬ 
phate baking powder, there was a significant drop in the retention of 
thiamine. 

The thiamine retained in the biscuits decreased significantly with 
each increase in the amount of soda when the leavening was derived 
from a constant amount of lactic acid with equivalent and exceswsive 
amounts of baking soda. 

pll of Dough and Biscuit, The pH of the doughs varied little ex¬ 
cept when tartrate or phosphate baking powder was used. In these 
doughs the pH values were significantly lower than in the others. 
It should be remembered that the difference between pH 7.0 and 7.5 
is much less in terms of hydrogen ion concentration than is the differ¬ 
ence between pH 6.7 and 7.0. 

The greatest change in pH with baking occurred in the biscuits 
made with the different proportion of lactic acid and soda. With 
increasing amounts of soda, the pH of the baked biscuit increased 
progressively. This increase was 1.2 pH units with the largest 
amounts of scxla. 

Barackman (1942) states that . , most l)aking powders result 
in biscuits considerably above 7.0 pH.** The n^sults in Table III 
do not bear out this statement- All biscuits leavened with baking 
powder at the level recommended by the manufacturer were found to 
have a pH of 7.0 or below. Even with a 50% increase in the amount 
of baking powder of the sodium aluminum sulfate-phosphate type, 
the pH of the baked product was only 7.1. 

pH and Thiamine Retention, From the figures in Table III, it will 
be seen that (except for the tartrate and phosphate baking powders) 

* Througbotit thlb <liscub8loiii differences are reported as significant if, using Student’s *'t” test, the 
odds are 99:1 or greater. 
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when the pH of the biscuit was close to 7.0, 80% or more of the thia¬ 
mine was retained in the baked product. 

Where the pH increased as the result of increase in the proportion 
of soda to acid ingredient or of increase in amount of baking powder, 
the retention of thiamine dropped. This agrees with results obtained 
on thiamine in pure solution (Beadle, Greenwood, and Kraybill, 1943), 
and with those of Barackman (1942). Farrer’s (1945) experiments 
with thiamine in different salt solutions indicate that different buffer 
salts may influence the rate of thermal destruction of thiamine, and 
this may account for the lower retentions with the phosphate and 
tartrate baking powders. Mclnick’s results (1945) with thiamine in 
suspensions of baking powders are in agreement with this hypothesis. 

Quality of Doughs, The difterent baking powders had a marked 
effect on the physical condition of the dough. With the tartrate 
powder, the dough was spongy and sticky; with the phosphate powder, 
the dough was somewhat spongy and sticky, but not as markedly so 
as with the tartrate powder. With the sodium aluminum sulfate- 
phosphate powders, the doughs were compact and were not sticky. 
The effect of these differences on external and internal appearance of 
the biscuits is sho\vn in Figure 2. The doughs made with the different 
liquids exhibited only slight differences in physical condition and those 
made with the different amounts of soda and baking powder did not 
vary sufficiently to be detected during the manipulation. 

Quality of Biscuits, The values for compressibility, breaking 
strength of the bottom crust, and height of four biscuits indicate that 
the flour from the different bags had more effect upon these factors 
than any other variable. It is pertinent, therefore, to discuss the 
differences in the values within groups rather than between groups. 
For the same reason, palatability scores will be considered only within 
groups. 

The fresh milk biscuits in the first group were significantly more 
compressible than the others in the same group, which were similar 
to each other. There is no very significant difference between the 
breaking strength for the different types of biscuits. The fresh milk 
biscuits in this first group raised more than the others in the same 
group. The other biscuits were alike in their height. 

The judges preferred the biscuits made with the whole milk. They 
found them more tender in crust and crumb and more pleasing in 
flavor than the other biscuits in this group. The total palatability 
score for the whole milk biscuits is significantly greater than that for 
any of the others in this group. 

An increase of 50% in the amount of sodium aluminum sulfate- 
phosphate baking powder made no significant change in the compressi- 



Sept, ly^6 ALICh AI BRIANT AND MARU V R HUTCHINS 


519 


bility, breaking strength, and height of the biscuit. The judges alw a> s 
scored the biscuits with the c\tra powder as significanth inferior to 
those made with the rcguLir amount. These biscuits were poorer in 
external and internal appearance, in flavor, and were less flaky than 
those made with less baking powder. 


FI 2 3 


SIk M[H| 

MPBOBSp 

FI 2 3 


Fig. 2, Lxl<n«.il .ind mLern,U appcdiancc of biscuits made with diftercut baking powdeib: 

1. sodium aluminum siiltatc-phosplute; 2. phosphate, 3 tartrate. 

For the biscuits made with varying proportions of soda and baking 
powder, the compressibility did not vary with the changes in ingre¬ 
dients. The breaking strength, however, increased irregularly as the 
amount of soda was increased. The difference between the extreme 
values was significant, but was not significant between intermediate 
values. No explanation of this increase in toughness is offered. The 
height and the i>alatability of the biscuits decreased with increasing 
excess of soda to acid. The biscuits with soda at 3.00 g or more had a 
cream color, deepening with each increase* in the amount of soda. 
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The judges were able to discern the flavor of soda at this and the higher 
levels. None of the biscuits were rated as unacceptable, however. 

Summary- 

Biscuits were prepared using standardized formulae and prepara¬ 
tion procedures. The effects of variation of ingredients on thiamine 
retention, pH, and quality of the biscuits were studied. 

Biscuits made with fresh milk, evaporated milk, water, and dry 
whole milk plus water were alike in their thiamine content. The 
biscuits made with fresh whole milk retained slightly more of their 
thiamine than did the others. In eating quality, the biscuits made 
with fresh milk were judged superior; the others were equally accept¬ 
able to each other. 

Biscuits made with sodium aluminum sulfate-phosphate baking 
powder (three brands) were alike in their thiamine content and reten¬ 
tion. Increasing the amount of the baking powder by 50% (one 
brand) increased the loss of thiamine during baking. The biscuits 
made with a tartrate and with a phosphate baking powder lost more 
thiamine than those made with sodium aluminum sulfate-phosphate 
baking powders. All the biscuits were of similar eating quality. 

Biscuits made with varying proportions of lactic acid, bicarbonate 
of soda, and baking powder retained less thiamine as the soda was 
increased. At the lowest level of soda 84%, and at the highest level 
of soda only 15%, of the thiamine was retained in the biscuits. The 
palatability of the biscuits decreased with each increment of soda, but 
none were inedible. 
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The rapid methods for vitamin determination have come into favor 
among mill chemists who are faced with checking the enrichment level 
in flour during production. Towards evaluating and unifying cur¬ 
rent practice in the rapid methods for thiamine, a collaborative study 
was undertaken to compare the salient featun's of the published 
methods. 

The rapid assay methods for thiamine in flour sivo time by elimi¬ 
nating the enzyme digestion and the base exchange steps of the A. A.C.C. 
thiamine method {Cereal Laboratory Methods, 1941; Andrews, 1944). 
This may be done in the analysis of flour since only a small fraction of 
the thiamine occurs bound as the pyrophosphate; on the other hand, 
the rapid metho<ls for bread (Schiller, 1944) require the enzyme diges¬ 
tion step because of the appreciable content of bound vitamin. 

Nicholls et a!. (1942) and Click (1944) successfully used dilute acid 
at room temperature to t>xtract thiamine from flour. In contrast 
Andrews and Nordgren (1941), who first published a rapid thiamine 
method for flour, and Iloffer, Alcock, and (ieddes (1943) observed acid 
potassium chloride solution to be an effective medium for extracting 
the vitamin. Although the latter two groups of investigators both 
used the same extracting solution, tliey differeil as to the temperature 
at which the extraction was carried out; Andrews and Nordgren (1941) 
obtained satisfactory vitamin rexwery at room temperature, while 
Hoffor and associates recommended extrai'tion at elevated tempera¬ 
tures. Finally, (Hick, and Andrews aud Nordgren favored clarifica¬ 
tion of the extract by filtration, while Nicholls ei al. anti Iloffer aud 
co-workers observed that extrad clarification by centrifugation gave 
equally satisfactory thiamine extraction and was more rapid. 

The points in the foregoing methods which appeared to require 
checking were (a) the type of extracting medium, (b) the temperature 
of extraction, and (c) the method of clarifying the extract. The 
procedure for the alkaline ferricyanide oxidation of thiamine to thio- 
chrome is probably sufficiently well standardized so as not to require 
collaborative study. 

With these points in mind, as well as the limitations of the amount 
of work which may be expected in collaborative study, the following 
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paired procedure-steps were compared: 1. extraction with dilute acid 
vs. acid potassium chloride solution; 2. extraction at room temperature 
vs. elevated temperature; and 3. extract clarification by filtration vs. 
centrifugation. 

While conclusions drawn from collaborative study arc less subject 
to error when several samples are studied, only one sample was used in 
the present study in view of the several alternative points of procedure 
which were to be investigated. 

Experimental 

The collaborators were requested to analyze an A.A.C.C. National 
Check Sample of flour,^ and also this sample to which was added 2 /ig 
of thiamine per gram of sample ® by the following variations in pro¬ 
cedure: 

Four subsamples 


Two subsamples extracted 
with 0.1 N HCl solution 

I 


One subsample One subsample 
extracted at room extracted at 

temperature 70®C 


Two sub^mples extracted 
with acid KCl solution 

_I 


One suDsample One subsample 

extracted at room extracted at 

temperature 70®C 


The directions supplied for conducting the analyses were essentially 
as follows : 

Place the selected quantity of flour (2.0 g is suggested for the pres¬ 
ent study) in a 125 or 250 ml Erlenmeyer flask, and add 50 ml of 0.1 N 
hydrochloric acid or 50 ml of 25% potassium chloride solution acidi¬ 
fied with 2% acetic acid or 0.1 AT hydrochloric acid. Shake the uni¬ 
formly suspended sample for 30 minutes in an automatic shaking de¬ 
vice or intermittently by hand (incubate four of the portions at room 
temperature and the remaining four at 70°C). At the end of this time 
centrifuge the samples until the supernatant liquid contains only a 
negligible amount of suspended matter or filter them (pour the first 
portion of the filtrate back through the filter). 

For the oxidation of thiamine to thiochrome, rapidly add 3 ml 
of 15% sodium hydroxide solution to a 5 ml aliquot of the clarified ex¬ 
tract in a centrifuge, separatory funnel, or equivalent device, mix the 
contents, add 2 drops of 1% potassium ferricyanide solution, and again 

1 Samples prepared for mailing were supplied by W. R. Urban, Chairman of the A^C.C. Check 
Sample Committee. This was most useful, further, in that the collaborators were not reauired to 
teat the sample by the A.A.C.C. procedure since the Check Sample value was already at hand. 

»To reduce the possibility of differences developing owing to variations in the amount of thiamine 
mded, i^puh^ of thiamine hydrochloride solution at a concentration of 0.S mg/ml were pro\dded. 
It was^duected that after appropriate dilution with either dilute add for the one series or mth acid 
potassium chloride solution for the second, a i»rtion of the diluted thiamine hydrochloride solution be 
compared with the collaborator’s own thiamine standard. 
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mix rapidly and uniformly. After I ininult* add to 16 nil of iso- 
bulanol (the exact volunio hein^ detennined 1)\' the routine practice 
in the collaborator's laboratory), shake tht‘ ('oiitents for I minute, 
centrifuge, and draw off the water Ia}'(*r. ("larify the alcohol layer by 
adding 1 ml of ethanol and evStiinale the tluoresceiice in the usual way. 
The attention of the collaborators was called to the fact that some time 
is saved by storing the isobutanol extracts in the cuvettes until the 
full series is at hand for reading (sec Andrews, 1^M4). 

Express the results in /xg of thiamine per gram of sample. 

Results and Discussion 

The results of the study, in which 16 laboratories participated, are 
summarized in Table J. At the outset it may b(‘ stated that the results 
of the study are in accord with the conclusions of Iloffer, Ah'oek, and 


TABl.L I 

Summary of Kicsums of tiik Tiiiamink Conti-nt of a C'oni.AFtoRAiivK Flour 
Sampli* and of thk Sam I’LL wnn 2 juc. ok Addm) 'Piiiaminp »y 
S lCVIfRAL MoDIMCA'IIONS OK A RaPII) MiMUOD 


Molliod ol (‘Xti.uM ( Ktiilii'atioti 


CeiitnluRa.tiuu 
(9 oollaboi.itois) 


Killt.iUoii 

(8 (‘ollsiboiatois) 


Extrac¬ 

tion 

medium 


Ex¬ 

trac¬ 

tion 

Temp. 


'i Ui.iniine eontoiil • 

m/n 


I hiamiiie coiitcntLa 
ms/k 


No. ol 
det'n<«. 


RanKc 


Mean’ Jb 
S.K. 


('om- 

bimKi 

nUMU zh 

S.K. 


No. of 
det’ns. 


KunKe 


M(‘un’ J 

S.K. 


Com¬ 
bined 
mmn 1 
S.K. 


lOlIAIiORAlIVL HOUR SAMl’l.L 


Oiiiite 

acid 

R.T. 

19 

.L.i7 i«n 

8.71 1 .06] 
8.78 1 .06] 

8.71 1.04 

20 

8.07 4.01 

.L.BO 1.0.S| 

70*0 

19 

8.35 L2I 


19 

8.07-4.19 

8.67 1 .07] 

Acid 

R.T. 

19 

8.<>8 4.41 

8.92 1 .061 


AJ 

8.i>2 1.38 

8.81 l.06| 

KCI 

70*C 

19 

8.68 4.57 

L<K) 1 .07 J 

8.96 1 .01 

19 

8.61 4.,S9 

8.96*1 .06J 


COLLAIJOKAFIVK I.L()UK SAMl’LL WHII ADDhP IIIIAMINU, 2 H<i/G PU>UR 


Dilute 

acid 

R.T. 

19 

S.22-r».14 

S.S24-.081 

5.60 J .05 

20 

5.28-6.85 

S.S6=l=.07l 


70“C 

19 

S.20-«6.U 

5.68-8 .07J 


19 

5.14-6.8S 

5.64 8:.08l 

Acid 

R.T. 

19 

S.OO-6.97 

5.998,1 \ 


19 

5.43H5..S8 

6.00i..08l 

KCI 

70®C 

20 

4,75-7.04 

6.tSd=.09l 

6.07=i=.07 

19 

5J4-6.85 

6.07 ±.08 j 


1.01 

8.88 J.01 


5.60 41.0.S 


6.04d:.0b 


»The thiamine content of tlie iow-prolein ttcmr sample used iu thi» Rtudy was approximately 4.12 
Mg/R» the mean repotted by the (Mieck Sample Service (.onimittce. 

> ThobC thiamine values wcic calc’ulatcd in lernts of iin cxteriiul thiamine standard. 


standards. 
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Geddes (1943). As reviewed above, these investigators recommended 
sample extraction with acid potassium chloride solution at elevated 
temperature followed by centrifugation of the extract. The discussion 
in the following paragraphs gives the reasons for these conclusions. 

Extraction Medium, There are data on eight pairs of samples in 
the table, two at room temperature and two at 70°C for the extracts 
clarified by centrifugation, and a like number for the extracts clarified 
by filtration. These data may be used to compare the completeness 
of extraction by dilute acid with that resulting from the use of acid 
potassium chloride solution. The combined means clearly show more 
thiamine was extracted by acid potassium chloride solution than by 
dilute acid in every instance. Comparable pairs differ only 6 to 8% 
but the results are consistent enough that statistical analysis shows 
that a difference of this magnitude would not occur by chance as often 
as once in a thousand trials. The data are thus interpreted as indi¬ 
cating that acid salt solution is the extraction medium of choice. 

One of the collaborators reported that ‘‘the standard made up in 
acid potassium chloride solution apparently deteriorated so rapidly 
that no reading was obtained. The standard made up with 0.1 N 
hydrochloric acid, however, gave the expected results.** The uncom¬ 
mon and unexplained difficulty encountered by this collaborator has 
not been reported by others. 

Temperedure of Extraction. The data in Table I yield eight pairs 
of analysis bearing on the comparison of the two temperature condi¬ 
tions for extraction. As in the comparison of the two extraction media, 
in every instance slightly more thiamine was extracted at elevated 
temperature than at room temperature. 

The individual pairs do not differ significantly, however, nor is a 
statistically significant difference obtained when all the results bearing 
on this factor arc combined into a single difference. When this is 
done, only 3% more thiamine appears to have been extracted at 70®C 
than at room temperature. Since chance alone was not likely to 
cause slightly better thiamine extraction at the higher temperature in a 
comparison of eight pairs, the results are interpreted to indicate that 
extraction at 70® C is to be preferred to extraction at room temperature. 

One of the collaborators (J. H. Lanning) reported that extraction 
at room temperature is favored in his laboratory. This is done to 
avoid the possible slight errors which may result when aliquots of 
solutions at a temperature appreciably different from 20®C are meas¬ 
ured out. Changes in volumes due to evaporation are also avoided. 
In view of the slightly better vitamin extraction at the higher tempera¬ 
ture it is possible that errors are more than compensated for when due 
to the forgoing reasons. 
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Method of Extract Clarification. The data given in the table like¬ 
wise bear on the problem of the method of clarification of the extracts. 
Fortunately, there was an even division among the collaborators, 
eight utilizing filtration to clarify the extracts and nine utilizing cen¬ 
trifugation. Thiy results of six of the eight pairs show slightly better 
thiamine extraction when the extracts vere clarified by centrifuging. 
Only two of the results show better thiamine extraction when the 
extracts were clarified by filtering them. Considering that the object 
of the rapid method is to save lime, these data strongly support clari¬ 
fication of the extracts by centrifugation. Using the centrifuge not 
only saves considerable time but also gives, on the average, a result 
slightly nearer that obtained by the A.A.C.C. method. 

Several collaborators mentioned that extraction with acid potas¬ 
sium chloride solution yielded clearer extracts by centrifugation than 
did dilute acid extracts. The foregoing preferred procedures thus 
complement each other. 

Thiamine Recoveries from the Samples with Added Thiamine. To 
determine the effect of the procedures on added vitamin, 2 jug of thia¬ 
mine were added to portions of the sample by the collaborators. 
When acid potassium chloride solution was the extracting medium, 
slightly more thiamine than this appears to have been recovered. As 
judged by the combined means, the recovery was 2.13 to 2.16 jug of 
thiamine. This is simply taken to mean that slightly more of the 
thiamine in the sample itself was extracted from these portions since 
it was theoretically possible to obtain as much as 6.12 jug of thiamine 
from these samples (2 jug of thiamine added to a sample which was 
reported to contain 4.12 jug of thiamine per gram). The use of dilute 
acid as the extracting medium served to extract most of the added 
thiamine though not all; 1.86 to 1.97 jug of added thiamine recovered 
as judged by the combined means. 

The over-all results do not favor the use of an internal thiamine 
standard, i.e., calculation of the thiamine content of the sample based 
on the fluorescence of the 2 jug thiamine increment added to a second 
portion of the sample, as a means of evaluating the thiamine content 
of the sample. Under conditions of good extraction, calculations of 
the thiamine content of the sample based on an external standard 
appear to yield reliable values. The slight upward correction factor 
recommended by Hoffer et al. (1943) corrects for the bound thiamine 
in the sample rather than for incomplete extraction of the free thiamine. 
This correction factor is somewhat dependent on the type of flour 
studied. 

Oxidation Procedure. For the study, alcohol clarification of the 
isobutanol extract was suggested rather than the more usual clarifica- 
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tion with anhydrous sodium sulfate. Recently Watson (1946) has 
also recommended alcohol clarification to avoid the possibility of 
fluorescence inaccuracies attributable to the anhydrous sodium sulfate. 
Several collaboiators observed alcohol clarification to be unsatisfactory 
so that It did not meet with universal approval. With care tlie two 
procedures may probably be used interchangeably. 

Similarly% the proceduie as given followed Andrews* (1944) recom¬ 
mendations, recently confirmed by Watson (1946), regarding the 
successive addition of alkali and ferricyanide for the oxidation of 
thiamine to thiochrome. Collaborator objection was voiced regarding 
the use of these reagents separately rather than together. The use 
of these reagents separately does not prove burdensome once the pro¬ 
cedure is established and is to be recommended on the basis that it 
\ieldb results which appear to agree better with expected values. 

One collaborator (D. IMclnick) has mentioned that the use of an 
automatic pipette shaker, of a ty pc on the market, to rock the separa¬ 
tory centrifuge funnels during the oxidation step eliminated the 
troublesome factor of lack of uniformity because of shaking l\vo 
funnels are readily shaken at a time by constructing a simple adapter 
for the shaker. 


Summary 

On the basis of the means of the results of the 1945-46 collaborative 
study, in which 16 laboratories participated, the following conclusions 
are drawn : 

1. Extraction with acid potassium chloride solution appears to 
extract significantly more thiamine than does extraction with dilute 
acid. 2. Extraction at 70®C appears to be slightly more effective than 
room temperature for extracting thiamine from flour samples. 3. Ex¬ 
tract clarification is accomplished more rapidly and with at least as 
good thiamine recovery by centrifugation as by filtration. 4. Extrac¬ 
tion of added thiamine was complete by the preferred procedures so 
that confirmation of their effectiveness, as judged by study with the 
particular sample submitted to the collaborators, was obtained. 
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Hackh’s Chemical Dictionary. By Julius Grant. 925 pp. The Blakiston Com¬ 
pany, Philadelphia, Pa. 1946. I'ricc $8.50. 

I'he third <*dition of this \\(‘ll-known and authoritative chemical dictionary was 
published in 1944 an<l rt'tjrinied in 1946 with some changes and additions. It 
contains sonu' 57,000 entries ami n<jt only covers the terms used in chemistry and a 
brief stat(Mii(‘nl ol c‘hcnii(\d theoriCwS and hiws hut also includes the vocabularies of 
physics, geology, mineralogy, botany, zoology, me<lieine, and pharmacy. Many of 
the t<‘rnis used in industry, mining, am! commerce are included. 

'Phe properties of the el(‘meuts and a large number of compounds are describe<l. 
(ompounds are lisl(*d and di^scribeil in systemiilic order, inclutling the name, formula, 
molecular W(4ght, synonyms, oirurrenee, preparation or type of substance, appear¬ 
ance, phxsical pro|H*i ti<*s, as wt‘ll as cheiniciil, imlustrial, and medical uses. Various 
typt‘s ol ch(‘mical apiunitus aie lisl(‘<l and brief biographies with portraits arc given 
of scientists who have madi‘ importuiU conlributkms to the progress of chemistry. 

'Phis book t'cmtains siicli a Uige body of classified information in the field of 
chemistry and rel.ited scieiu'es that it will prove to bo a valuable atldition to any 
chemist's lihiary. 

W. K. C^KDDKS 

Division of Agricultural Biochemistry 
University of Minnesota 
St, Paul 1, Minnesota 

Official and Tentative Methods of Analysis of the Association of Official Agricultural 
Chemists. Sixth Edition. 932 -j- xii pages, 76 illustrations, and 31 reference 
tables. Published by the A.O.A.C, Box 540, Benjamin Franklin Station, 
Washington 4, D, C. 1945. Price per copy domestic $6.25, foreign $6.75. 
($5.00 to members when ordered through the office of the Association.) If five 
or more copies are ordered at one time for <leli\Try to <i single address, the price 
per copy is $5.00 ilomcstic and $5,40 foreign. 

The most recent revision of this (‘ompilalion of methods again offers to analysts 
a wealth of infoniiation on pmcediires for use with agricultural, food, and drug prod- 
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ucts. Most of the material of the fifth edition has been retained, and to it substan¬ 
tial additions have been made—as witness the increase of nearly 200 pages over the 
previous edition. Five new chapters have been added—on cosmetics, enzymes, 
gelatin products, vitamins, and extraneous materials in foods and drugs. 

Of die new chapters, those on vitamins and on extraneous materials represent 
the most significant additions and will be of chief interest to the cereal chemist. 
Included in the former chapter are familiar techniques for thiamine and riboflavin, 
as well as procedures for the estimation of vitamin A and carotene, for niacin (by 
microbiological means), and for vitamins D and K. The chapter on extraneous 
materials will be welcomed by all food and drug processors, embodying as it does a 
number of tested procedures useful in maintaining a high standard of plant sanitation. 

Cross references again abound—a style which is doubtless economical of space, 
but which certainly does not facilitate ready use. It is still usually necessary in 
looking up an unfamiliar method to assemble the complete information from at least 
two, and often more, isolated paragraphs, and to add whatever operating notes may 
be necessary for best results. Brevity of presentation is often commendable, but on 
other occasions may lead to some difficulty. Thus in the determination of DDT by 
the labile chloride method, no mention is made of the fact that presence of chlorides 
from any other source will invalidate results. This fact will be apparent to the 
thoughtful analyst who considers the chemical basis of the procedure, but is not 
readily evident from the text. Other similar examples are numerous. 

Printing and binding are well done, and the book appears reasonably free from 
typographical errors. Again this treatise will find a welcome place on the reference 
shelves of most cereal laboratories. 

F. C. Hildebrand 
General Mills, Inc. 
Minneapolis, Minnesota 

The Baking Industry. By Mary Kinnavey Moore. 32 pp. Billman Publishing 

Co., Inc., Boston, Mass. 1946. Price $1.00. 

The baking industry, the country's largest food industry in number of employees 
and payroll size and the world's oldest manufacturing occupation, has followed closely 
the ad\’ancement of agriculture. Starting with home baking and following the 
trend established by industrial revolution, baking expanded into neighborhood shops 
and then into large wholesalers. Statistics are quoted as to the dollar value of the 
industry and as to the consumption of flour per capita. 

The classifications of the baking industry are given in detail—^wholesale, retail, 
and house-to-house operations. 

The subdivisions of baking are thoroughly explained, from bread production 
through sales. 

Anyone in the baking industry will be interested in Part IV on personnel. This 
is a very good outline of the duties of each person employed in the baking business. 

Statistics are given as to wages earned by those employed in this industry; 
201,533 employees earned $262,001,562 per year. Workers can choose between the 
handcraft production in small shops or machine production of large plants, and 
occupational hazards are few. 

This is a good review of the baking industry. 

W. A. Richards 

Russell-Miller Milling Company 
Minneapolis, Minnesota 
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EFFECT OF PARBOILING ON THIAMINE IN RICE ^ 

M. C. Kik 

Agricultural Chemistry Department, University of Arkansas, 
Fayetteville, Arlinsas 

(Received for publication June 25, 1946) 

The process of parboiling consists essentially of soaking rough rice 
in cold, warm, or hot water followed by draining the water, steaming 
the rice, and drying. The hypothesis is that during such treatment 
the water-soluble vitamins diffuse from the outer layers of the kernel 
to the inner layers and more of these water-soluble nutrients are 
retained in the kernel. 

The parboiling, as practiced in the Orient, is by no means stand¬ 
ardized. In Malaya (Jack, 1923), the paddy is merely heated by 
steam under pressure, quickly dried, and milled. In 1935 Jones and 
Taylor concluded from their experimental studies that only 12 hours 
of soaking at 60®-70°C, followed by steaming, are required to give a 
good product. A review of these methods is given by Kik (1945). 

Modem commercial practices of parboiling find application in the 
process of rice conversion, in the Malek parboiling process (Kik and 
Williams, 1945), and in the Sacramento Mill in California where 
rough rice is soaked and exposed to steam under pressure. 

Data have been published on the effect of parboiling and milling 
on the thiamine content of rice (Aykroyd, 1932) and on milling quality 
(Jones and Taylor, 1935; Subrahmanyan, Sreeiiivasan, and Das Gupta, 
1938). No extensive study has been made of the thiamine content of 
rice which has been parboiled according to simple controlled methods 
in which modern analytical procedures for the determination of the 
thiamine content have been employed. 

This investigation deals with the effect of simple controlled methods 
of parboiling of rough rice on the thiamine content of the milled form 
after approximately the same percent of the bran (10%) has been 

1 Research paper No. 813. Journal Series. University of Arkansas. Published with the permis¬ 
sion of the Director of the Arkansas Agricultural Eicp^ment Station. Aided by grants from the 
Williams-Waterman Fund of the Research Corporation and of Converted Rice. A preliminary report 
has been presented at the meeting of the American Institute of Nutrition, which was held in Atlantic 
City. New Jersey, on March 11-15, 1946. 
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removed. Shelling tests were made on all these samples, which 
showed the breakage during shelling. Data are also presented on the 
effect of soaking for different lengths of time on the thiamine content 
of milled rough and brown rice and of losses of this vitamin in the 
soaking water. 


Materials and Methods 

A total of 88 samples (weight 60 g) of the same lot of previously 
cleaned rough rice, medium grain (Zenith variety), were soaked in 
150 ml of distilled water under varying conditions of duration and 
temperature and with variations in amounts of steam pressure. These 
samples of rough rice were parboiled by boiling; boiling and steaming; 
steaming; soaking and steaming; soaking, boiling, and steaming; 
according to rice conversion with vacuum; and according to rice con¬ 
version without vacuum. The details of these treatments are given 
in Tables I and 11. After the treatment, the water was drained off, 

TABLE I 

Effect of Different Methods of Parboiling Rough Rice (Zenith Variety) 
ON Thiamine ^ in Milled Rice and on Breakage ^ During Shelling 
(Milled to approximately 10% bran removal) 


Sam¬ 

ple 

No 

Treatment 

Thi¬ 

amine 

Appearance of 
the milled 
product 

Break¬ 

age 



Mfs 


% 

1 

No treatment 

0.66 

Opaque 

3.6 

2 

No treatment 

0.40 

Opaque 

4.1 

3 

No treatment 

0.79 

Opaque 

3.6 

4 

No treatment 

0.56 

Opaque 

3.9 


Average 

0.60 


3.8 


a. BoiUng: 




5 

For 5 minutes 

2.39 

Opaque 

45.2 

6 

For 10 minutes 

2.31 

i Opaque 


7 

For 15 minutes 

2.24 

Opaque 

27.6 


Average 

2.31 


37.8 


b. Boiling and Steaming: 




8 

Boiled 5 min., steamed 10 min. at 5 lbs. pres. 

2.40 

Opaque 

6.0 

9 

Boiled 5 min., steamed 10 min. at 10 lbs. pres. 

2 14 

Opaque 


10 

Boiled 5 min., steamed 10 min. at 15 lbs. pres. 

2.04 

Opaque 


11 

Boiled 10 min., steamed 10 min. at 5 lbs. pres. 

2.36 

Opaque 


12 

Boiled 10 min., steamed 10 min. at 10 lbs. pres. 

2.25 

Opaque 

13.8 

13 

Boiled 10 min., steamed 10 min. at 15 lbs. pres. 

2.00 

Partly 

2.4 




translucent 


14 

Boiled 10 min., steamed 15 min. at 10 lbs. pres. 

2,34 

Opaque 

2.6 

IS 

Boiled IS min., steamed 15 min. at 10 lbs. pres. 

2.61 

Opaque 

4.4 

16 

Boiled 20 min., steamed 15 min. at 10 lbs. pres. 

2.13 

Translucent 

4.0 


Avemge 

2.25 


6.8 
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TABLE I— {Continued) 


Sam¬ 

ple 

No. 

Treatment 

Thi¬ 

amine 

Appearance of 
the milled 
product 

Break¬ 

age 


c. Steaming: 

ftslg 


% 

17 

10 minutes at 5 lbs. pres. 

2.36 

Opaque 

27.1 

18 

20 minutes at 5 lbs. pres. 

2.43 

Opaque 

13.2 

19 

30 minutes at 5 lbs. pres. 

2.44 

Opaque 

9.7 

20 

5 minutes at 10 lbs. pres. 

1.96 

Opaque 

11.3 

21 

10 minutes at 10 lbs. pres. 

2.05 

Opaque 

10.1 

22 

15 minutes at 10 lbs. pres. 

2.27 

Opaque 

3.5 

23 

20 minutes at 10 lbs. pres. 

2.40 

Opaque 

7.6 

24 

5 minutes at 15 lbs. pres. 

2.40 

Opaque 

S2.7 

25 

10 minutes at 15 lbs. pres. 

2.33 

Opaque 

29.2 

26 

20 minutes at 15 lbs. pres. 

2.54 

Opaque 

8.4 

27 

5 minutes at 20 lbs. pres. 

2.46 

Opaque 

52.6 

28 

10 minutes at 20 lbs. pres. 

2.40 

Opaque 

8.5 

29 

15 minutes at 20 lbs. pres. 

Average 

d. Soaking, Boiling, and Steaming: 

2.19 

2.51 

1 

Opaque 

4.8 

83 

2 hours soaking at 27®C, boiled 5 min., 
steamed 10 mm. at 15 lbs. pres. 

2.34 

Opaque 

15.1 

84 

2 hours soaking at 27®C, boiled 10 min., 
steamed 10 min. at 10 lbs. pres. 

2,32 

Opaque 

46.7 

85 

4 hours soaking at 27^0, boiled 5 min., 
steamed 10 mm. at 15 lbs. pres. 

2.01 

Translucent 

2.0 

86 

4 hours soaking at 27®C, boiled 10 min., 
steamed 10 mm. at 15 lbs. pres. 

e. According to the principle of rice conversion: 

2.30 

Translucent 

2.5 

87 

30 min. vacuum, pressure 60 Ibs./inch at 70®C 
for 2>^ hours. 

2.48 

Translucent 

3.5 

88 

No vacuum, pressure 60 lbs. at 70®C for 21 
hours. 

2.35 

Translucent 

3.5 


1 Expressed on a basis of 9% moistuio. * Determined with Smitli's Shelling Device. 


tlie rough rice was dried overnight at room temperature with the aid 
of a fan, shelled, milled to approximately 10% bran removal, and 
assayed for thiamine. Four nontreated samples were used as controls. 

In the final evaluation of the efficiency of the parboiling process, 
the appearance of the rice kernel after milling and the percentage of 
breakage during shelling, as well as the retention of thiamine in the 
tnilW product, have to be taken into consideration, since these 
properties are of paramount economic importance in the industrial 
application of these results. 

The shellin g and milling were done with laboratory-scale equip¬ 
ment. The seed huller * was used for the removal of hulls from the 

t Pnr rhaaA ri fynm fhi* SecdbuTO Equipment Company, 223 West Jackson Boulevard, Chicago 6. 
Illinois. 
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rough rice, and the sinall hand barley pearler - \\<is (‘inpIo^tMl for the 
milling of brown rice to 10% bran removal. 

The rice was steamed under pressure^ in a vsmall pressun* cooker. 
The pressure ranged from S to 20 pounds and the temperature from 
104®C to 127°C. The laboratory processing of rice according to lh(‘ 

TABLE JI 


Effect of Soaking and Sti aming of Rough Rice (Zenjih X'arii i y; on Tin vmink 
IN Milled Rice and on Breakage During wSumling 
(Milled to appro\imately 10% bran removal} 


Sample 

No. 

1 rcatmeiit 

Ihi- 

amnic 

Appeal aucc of the 
milled product 

Break¬ 

age 



f^g(g 


% 


a. Soaking for 15 hours at room tern- 





peratufe (27®C) followed by: 




30 

5 min. steaming at 15 lbs. pres. 

2.48 

Partly translucent 

3.5 

31 

10 min. steaming at 15 lbs. pres. 

2.14 

Translucent 

6.1 

32 

15 min. steaming at 15 lbs. pres. 

2.29 

Translucent 

5.2 

33 

20 min. steaming at 15 lbs. pres. 

2.13 

IVanshicenl 

9.1 

34 

25 min. steaming at 15 lb.s. pres. 

2.71 

Translucent 

6.1 

35 

30 min. steaming at 15 lbs. pres. 

2.22 

Translucent 

8.8 

36 

35 min. steaming at 15 lbs, pres. 

2.32 

Translucent 

6.7 

37 

40 min. steaming at 15 lbs. pres. 

2.00 

Translucent 

3.2 


Average 

2,28 


6.1 


b. Soaking for 45 hours at room tern- 





perature (27°C) followed by: 




38 

10 min,'steaming at 15 lbs. pres. 

2.25 

Translucent 

0.9 

,?<> 

15 min. steaming at 15 lbs. pres. 

2.26 

Translucent 

1.7 

40 

20 min. steaming at 15 lbs. pres. 

2.25 

Translucent 

2.8 

41 

25 min. steaming at 15 lbs. pres. 

1.97 

Translucent 

4.7 

12 

30 min. steaming at 15 lbs. pres. 

1.73 

Translucent 

5.7 

43 

35 min. steaming at 15 lbs. pres. 

1.99 

Translucent 

3.8 


\\ iTage 

2.07 


3.2 


c. Soaking loi indicated length ol time 





at vS5®C', lolloweil hv 10 min.steaming 





at 15 Ills. pic*-. 




44 

2 hours 

1.93 

Opaque 

3.1 

45 

4 hours 

2.21 

Slightly opaque 

3.0 

46 

6 houi s 

2.09 

Translucent 

3.3 

47 

8 hours 

2.24 

Translucent 

6.5 

48 

10 hoiiis 

2.80 

Translucent 

2.9 

49 

12 hours 

2.40 

Translucent * 

3.8 

50 

16 hours 

2.30 

Translucent 

2.1 

51 

20 hours I 

LOS 

Translucent 

2.3 

52 

24 hours 

2.57 

Translucent 

1.0 

53 

36 hours 

2.57 

Translucent 

2.7 


A\ erage 

2.29 1 


3.1 


d. Soakint, ior 6 houis ai 40 C iollowed | 

• 1 




54 

15 mill, steaming at 15 lbs. pressure 

2.25 

'J'lansliK oiU 

0.9 


iAialeki/cfl process) 

1 
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Sanii)lo 

l l(‘ U lUOlll 

I In 

\l>I>ou.uuo nl llu 

Break 

No. 


amine 

milled piodiK l 

a fit* 







wSoakinu lor iik1i(«iIo< 1 k'nt»th ol lime 





<it 60®C, followed l)\ 10 min.steaming 





al 15 11 Jb. pres. 




55 

2 hours 

1.91 

Translucent 

2.9 

56 

4 hours 

2.27 

Fine translucent 

1.9 

57 

6 hours 

2.16 

Fine translucent 

2.3 

58 

8 hours 

2.16 

Fine translucent 

3.1 

59 

10 hours ♦ 

2.07 

Fine translucent 

5.9 

60 

12 hourb 

2.28 

Fine translucent 

2.6 

61 

16 hours 

2.31 

Translucent 

2.2 

62 

20 hours 

2.26 

Translucent 

3.8 

63 

24 hours 

2.27 

Fine translucent 

4.3 

64 

36 hours 

1.93 

Fine translucent 

3.8 


Average 

2.16 


3,3 


f. Soaking for 2 hours at 70®C, followed 





by: 




65 

5 min. steaming at 15 lbs. pres. 

2.91 

Opaque 

6.1 

66 

10 min. steaming at 15 lbs. pres. 

2.66 

Slightly translucent 

6.3 

67 

15 min. steaming al 15 lbs. pres. 

2.72 

Fair translucent 

6.6 

68 

20 min. steaming at 15 lbs. pres. 

2.64 

Opaque 

5.7 


Average 

2.73 


6.2 


g. Soaking for indicated time at 70®C, 





followed by: 





10 min. steaming at 15 lbs. pres. 




69 

1 hour 

2.38 

Opaque 

2,3 

70 

2 hours 

2.57 

Slightly translucent 

2.0 

71 

3 hours 

2.46 

Translucent 

6.7 

72 

4 hours 

2.88 

Translucent 

3.9 

73 

5 hours 

2.48 

Fine translucent 

3.3 

74 

6 hours 

2.34 

Translucent 

3.0 


Average 

2.52 


L5 


h. S(wking for indicated time at 80®C, 





followed bv: 





10 min. steaming at 15 ll>s. pies. 




75 

^ 2 hour 

2.44 

Slight h opaipie 

3.5 

76 

1 houi 

2.48 

Opjiquc 

5.4 

77 

2 hours 

2.58 

Translucent 

n.o 

78 

3 hours, 

2.29 

'Translucent 

14.6 


Avcnig<‘ 

2.45 


9.1 


i. Soaking lor indicated time at 90®C, 





1 olio wed by: 





10 min. steaming at 15 lbs. pres. 




79 

10 minutes 

2.52 

Slightly translucent 

3.6 

80 

20 minutes 

2.51 

SlightIv translucent 

10.3 

81 

30 minutes 

2.10 

Translui’cnt 

6.8 

82 

*10 minutes 

2.35 

'I ranblurent 

1.9 


Average 

2.37 


6.4 
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principles of rice conversion in which 60 pounds pressure was applied 
has been described in a previous publication (Kik, 1945). 

In soaking experiments, eleven 100-g samples of previously cleaned 
rough and brown rice (Zenith, medium grain variety) were soaked 
from 0 to 36 hours in 150 ml of distilled water. The rice was dried, 
shelled, milled to approximately 10% bran removal, and tested for 
thiamine by the thiochrome method, with the adaptation of the 
Hennessy and Cerecedo procedure (1939). The thiamine results are 
expressed on a basis of 9% moisture. The results of these tests are 
given in Table III. 


TABLE III 

Effect of Timl of Soaking of Brown and Rough Kicf on 
iHE Thiamine Content or Milled Rice 


Sample 

Time of 

Average thiamine 

Lobs of thiamine in 

No. 

boaking 

content ot milled rice 

steep water 


hours 


% 


SOAKING OF BROWN RICE 


1 

0 

0.44 

0.00 

2 

8 

1.03 

10.90 

3 

12 

1.08 

14.24 

4 

24 

0.91 

15.80 

5 

36 

0.79 

16.00 


SOAKING OF ROUGH RICE 


6 

4 

1.35 

1.71 

7 

>8 

1.03 

1.30 

8 

12 

1.12 

4.04 

9 

16 

1.50 

2.01 

10 

24 

1.37 

2.63 

11 

36 

1.58 

1.86 


Results 

Parboiling Tests, The data relating to parboiling tests are pre¬ 
sented in Tables I and II. The nontreated controls, numbers 1, 2, 3, 
and 4, had an average content of thiamine of 0.60 jwg/g and the average 
breakage on shelling was 3.8%. 

Boiung: Three samples of rough rice (numbers 5, 6, 7) were 
exposed to boiling water for 5, 10, and 15 minutes respectively and 
showed a considerable retention of thiamine (average content 2.31 iig/g) 
which was not affected by the time of exposure to boiling water. 
However, excessive breakage (average 37.8%) occurred during shelling, 
which makes the treatment of boiling alone rather unsatisfactory. 
Exposure to boiling water for 15 minutes (sample 7) retarded the 
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breakage to 27.6%. This showed that prolonged boiling helped 
reduce breakage. 

Boiling and Steamin(t: A total of nine samples, numbers 8 to 16 
inclusive, was used (see b Table I). Samples 8, 9, and 10 were boiled 
for 5 minutes followed by steaming for 10 minutes at pressures ranging 
from 5 to IS pounds (109°C--121®C). The milled samples were opaque 
in appearance like ordinary milled rice, whereas parboiled rice is 
translucent to amber, and generally of a straw-yellow color. The 
translucence is due to the complete gelatinization of the starch which 
takes place at temperatures varying from 60® to 7S®C (Jones and 
Taylor, 1935). Some of the kernels in these samples showed a white 
spot in the center of the grain due to partial gelatinization of the starch. 

The additional steaming reduced the breakage from an average of 
37.8% in boiling tests to 6.8% in boiling and steaming tests. This 
indicates that steaming decreases the breakage. The lowest breakage 
(2.4%) was obtained after the steam pressure was increased from 5 
and 10 pounds (samples 11 and 12) to IS pounds (sample 13). Fairly 
well parboiled rice was obtained in sample 16 which was boiled for 
20 minutes and steamed afterwards for IS minutes at S pounds pres¬ 
sure. The average thiamine content in these samples was 2.25 Mg/g» 
which showed that additional steaming did not have any beneficial 
effect. Prolonged boiling did not have any effect on the thiamine 
content of the milled product. 

Steaming: The rough rice was previously soaked for 10 minutes 
in water of room temperature, as dry starch cannot be gelatinized and 
tlie kernels are brittle after steaming, A total of 13 samples was 
steamed at pressures ranging from S to 20 pounds for different lengths 
of time. The average thiamine content of the milled samples was 
2,51 Aeg/g (see Table I). The breakage was appreciably reduced by 
proper steaming. A breakage of 27.1% was reduced to 9.7% when 
10 minutes' steaming at S pounds pressure (sample 17) was increased 
to 30 minutes (sample 19). Similar comparisons can be made with 
samples 24 and 26, samples 27 and 29. All kernels were still opaque 
after the treatment, which indicates that steaming after only a brief 
soaking in water of room temperature does not give satisfactory results. 

Soaking and Steaming: a. Eight samples, numbers 30 to 37, were 
soaked for 15 hours at room temperature (27®C). The samples were 
steamed afterwards at IS pounds pressure for a duration ranging from 
5 minutes for sample 30 to 40 minutes for sample 37. The results 
are presented in Table II. The average thiamine content was 
2.28 /tg/g; the average breakage was 6.1%. All kernels were trans¬ 
lucent except those of number 30. The best results were obtained in 
number 34 which was steamed 25 minutes at IS pounds pressure. 
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6. Another six samples, luiinbcrs 38 to 43, were soaked at room 
temperature (27°C) for 45 hours (See b Table H). The samples were 
steamed at 15 pounds pressure for from 10 minutes for sample 38 to 
35 minutes for sample 43. Nice translucent kerm^Is were obtained 
which showed an average breakage of 3.2%. Number 38, which 
showed the best results, had a thiamine content of 2.25 }igjg and a 
breakage of 0.9%. This sample was steame<l for 10 minutes at 
15 pounds pressure and the kernels were fully translucent in the milled 
state. A small decrease in thiamine content and a small increase in 
breakage were found in those samples (41, 42, and 43) which were 
steamed more than 20 minutes. In separate tests it was found that 
thiamine was partly destroyed when exposed for over 20 minutes at 
15 pounds pressure. 

r. The next series of samples was soaked 2, 4, 6, <?, 10, 12, 16, 20, 
24, and 36 hours in water of 35^C followed by steaming for 10 minutes 
at 15 pounds pressure. In all 10 cases (numbers 44 to S3) except 
number 44, translucent kernels were obtained which showed an average 
breakage on shelling of 3.1% and an average thiamine content of 
2.28 Atg/g. Good results were found in all samples after a minimum 
of 6 hours of soaking. Number 52 showed a thiamine content of 
2.57 /ig/g, a breakage of 1%, and translucent kernels after milling. 
This sample was soaked for 24 hours before the steam treatment was 
applied. 

d. One sample, number 54, was soaked for 6 hours at 40^C followed 
by 15 minutes steaming at 15 pounds pressure. This method is 
applied in the Malekized process which is used on a commercial scale. 
Tlie sample was milled to the same degree of bran removal as all other 
samples and showed a thiamine value of 2.25 /xg/g. The kernels were 
translucent and an exceedingly low breakage of 0.9% was obtained 
during shelling. 

e. The next series consisUnl of Kt samples whitli were soaked at 
60°Cfor 2, 4, 6, 8, 10, 12, 10, 2t), 24, and 30 hours respectively. In all 
cases translucent kerneLs wtTC found in the milled product. The 
average thiamine content in this series was 2.10 fxg/g and the average 
breakage was 3.3%, However, best results were obtained from 
samples soaked a minimum of 4 hours. 

f. Soaking for 2 hours at 7O^C followed by steaming at 15 pounds 
pressure took place in four samples, numbers 65 to 68, which were 
steamed for 5, 10, 15, and 20 minutes. These kernels were not quite 
translucent after milling and the average breakage was 6.2%, which 
was higher than the 3.8% found for the nontreated controls. How¬ 
ever, the average thiamine content was 2.73 Mg/gi which is higher than 
has been found in milled samples exposed to other treatments. 
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Six tHimplcs \\i‘U‘ .siHiked al T(>°C Jollowd hy W mi miles a I 
15 pounds pressure for 1, 2, 3, luwl 6 hours respectively, 'fhe results 
were yood after the rice had Ihk'U soiiketl for more than 2 hours. This 
can be seem from 'rable J1 (sampU's 69, 70, 71, 72, 73, and 74). The 
first two saniplt's showed kernels that were not entirelj' translucent. 
The remaining four samples were well parboiled. The average 
thiamine content of this group wa.s 2.52 /xg/g, with an average breakage 
of 3.5%. Jt would appear that soaking for 4 hours at 70°C, followed 
by 10 minutes steaming at 15 pounds pressure, gives the optimum 
result.s. 

//. Four samples, 75, 76, 77, and 78, were soaked for H houry ly 2, 
and 3 hours respectively at 80°C followed hy 10 minutes steaming at 
15 pounds pressure. Translucent, well-parboiled kernels w^ere ob¬ 
tained after 2 and hours soaking at this high temperature. How¬ 
ever, the breakage on shelling was quite high (13 and 14,6%) w^hich 
might be rcMluced by a longer period of steaming, a higher pressure, 
or a more (effective method of drying. The avoragi^ thiamine content 
amounted to 2.45 /xg/g. 

1 , Soaking at 90°C for lOy 20y 30y and 40 minuteSy follozved by 10 
minutes steaming at 15 pounds pressure^ w’as performed with samples 
numbered 79, 80, 81, and 82. The rice of the first two samples 
showed slightly translucent kernels. The kernels of the last two 
samples (81 and 82) were well parboiled, had an average of 2.22 gg/g 
of thiamine, and an average breakage of 5.9%. 

SoAKiNd, Boiling, and Steaming: The combination of 2 hours 
soaking, boiling for 5 minutes, followed by steaming for 10 minutes 
at 15 pounds pressure, W'as uskI in sample 83 (see d Table 1). A 
similar combination, using 10 minutes boiling, followed by 10 minutes 
steaming at 10 pounds j)rewSHure, was emplo>’ed in sample 84. Both 
methods were failurt'S as parboiling practices. The kernels were still 
opaque and up lo 46% breakage was obtained during shelling. Better 
results were obtained with samples 85 and 86 which Averc soaked 
for 4 hours, boiled for 5 and 10 minutes, and steamed afterwards 
for 10 minutes at 15 pounds pressure. A low average breakage of 
2.3% resulted from shelling and an average thiamine content of 
2.16 iitg/g was found in the milled product. 

To ascertain whether vacuum application has any beneficial effect 
on vitamin retention, two samples, numbers 87 and 88 (see e Table I), 
were treated according to the principles of rice conversion. To the 
first sample, number 7, a vacuum w^as applied for 30 minutes which 
was followed by 60 pounds hydraulic pressure at 70®C for 23^ hours. 
The thiamine content of the milled product amounted to 2.48 jug/g* 
The second sami)le, numljer 88, was treated the same way except that 
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the vacuum application was omitted. The milled end product showed 
a thiamine content of 2.35 fig/g. Both samples were milled to the 
same degree of bran removal as all other samples. The small dif¬ 
ference of 0.13 Atg/g is considered to be insignificant and falls within 
the experimental error. These results are typical of 15 other experi¬ 
ments carried out by similar procedures. 

Thiamine in Soaked Rice. The data of Table III indicate that 
during soaking of rough brown rice, thiamine penetrates from the 
outer layers of the kernel into the inner layers, and that soaking has a 
favorable effect on the thiamine content of the milled rice. Sample 1, 
without soaking, had a thiamine content of 0.44 jug/g. Sample 2, 
after 8 hours of soaking, had a thiamine content of 1.03 /xg/g. Both 
samples were milled to the same degree of bran removal. Similar 
results were obtained in the remaining rough and brown rice samples. 

Rough rice soaked in water lost small amounts (up to 4.04%) of 
its thiamine content in the steep water. These results indicate that 
only small amounts of thiamine are lost in the steep water in mills 
where modern commercial practices of parboiling are employed. The 
losses for brown rice amounted to 10.9% after 8 hours and 16% after 
36 hours of soaking, and are of importance where brown rice is soaked 
for considerable time before it is prepared for human consumption. 

Summary 

A study has been made of the effect of simple, controlled, stand¬ 
ardized methods of parboiling of rough rice on the thiamine content 
of the milled product (milled to approximately 10% bran removal). 
These methods included boiling; boiling and steaming; steaming; 
soaking and steaming; soaking, boiling, and steaming. The data 
showed that boiling alone is unsatisfactory. Of the other methods 
tested, the best results were obtained from the following procedures: 

Boiling for 20 minutes, followed by IS minutes steaming at 5 
pounds pressure—this method produced fairly well parboiled rice, 
with a thiamine content of 2.13 /xg/g and a breakage of 4%. The 
average thiamine content of the milled nonparboiled samples was 
0.60 /xg/g and the average breakage 3,8%. 

After IS hours soaking at room temperature (27®C), followed by 
25 minutes steaming at 15 pounds pressure, the thiamine content was 
2.71 /xg/g and the breakage 6.1%. 

After 45 hours soaking at room temperature (27®C) or a minimum 
of 6 hours soaking at 3S®C, followed by 10 minutes steaming at 
15 pounds pressure, the thiamine content was 2.20 /xg/g and the 
average breakage 3.1%. 

After 6 hours soaking at 40®C, followed by 15 minutes steaming at 
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15 pounds pressure (Malekized process), the thiamine content was 
2.20 figlg and the breakage 0.9%. 

After a minimum of 4 hours soaking at 60®C, a minimum of 2 hours 
soaking at 70®C, 2 hours soaking at 80®C, at least 30 minutes soaking 
at 90®C, followed by 10 minutes steaming at 15 pounds pressure, the 
average thiamine content was 2.30 fig/g and the average breakage 4.2%. 

Data are included on the effect of parboiling rough rice on break¬ 
age during shelling. It was found that prolonged boiling reduced 
breakage from an average of 37.8% to 27.6% and additional steaming 
reduced breakage further to 6.8% in boiling and steaming tests. 
Lowest breakage was obtained in soaking and steaming tests when 
soaking was followed by steaming for at least 10 minutes at 15 pounds 
pressure. Results are also presented on the effect of soaking of rough 
and brown rice on the thiamine content of the milled form and of 
losses of thiamine in the soaking water. After 8 hours of soaking 
brown rice, the thiamine content of the milled form was 1.03% to 
0.44% in the milled nonsoaked sample. Losses in the soaking water 
for brown rice amounted to 10.9% of thiamine after 8 hours, and 
16% after 36 hours of soaking. Only 4.04% thiamine was so lost in 
rough rice after 36 hours of soaking. 
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STUDIES OF THE COMPOSITION OF THE WHEAT KERNEL. 
III. DISTRIBUTION OF ASH AND PROTEIN IN CENTRAL 
AND PERIPHERAL ZONES OF WHOLE KERNELS ^ 


El. Morris, 'I'tiM.MV L. Ai.i;xvNmi,R, and ICi.izvhrth 1). Pvscoii* 

toi imhlualum luh 12, J04<)) 


Fundamental kiiowledj>c of the relationship between th<‘ ash and 
protein distribution in the wheat kernel and in the mill streams is of 
marked importance to the Hour milling industry. Adequate knowl¬ 
edge regarding this distribution has been ditlicult to obtain. In the 
past the principal source of information has been the circumstantial 
evidence secured through studu^s of the composition of the different 
flour and feed grades and the mill streams from which they are com¬ 
bined. Recently the authors (194Sj suggested microdissection as a 
means of obtaining more accurate information on the distrilnition of 
ash and protein in the whi^at kernel. I'his was a('compHshed by 
securing and analyzing material from definite parts of the kernel. 
The technique einployc'd and the results obtained through its use 
were rejx)rted in a preliminary study of the distribution of ash and 
protein in center sections. Jn order to correlate the r(*sults obtained 
by dissection with those obtained in milling, it seemeil desirable to 
tipply the technique to whole kernels. 'J'his paper dcscTihes a tech¬ 
nique for diasecting whole kernels and gives analytu'al data obtained 
in its application to several samples. 

Material and Methods 

The material consisti^l of one varic‘ty of each of three i)riiicipai 
classes of wheat, namely, Thorne (soft red winter), 'renmarq (hard 
red winter), and Thatcher (hard red spring). 'Plu* sample* of Thorne 
was obtained from a vsingk* plot grown at WoosUt, Ohio, in 1943. 
Composite vsainples of the* other two elasws were used. I'he 'Penmarq 
composite was made up of (*qual numlxTs of kt‘nu‘ls from individual 
samples grown at five locations in the central and souUu‘rn (ireat 
Plains in 1944. I'he ('omposite sample of 'Fhatcher w^as made up of 
equal numbers of kernels from individual samples grown at seven 
locations in the northern Great Plains region in the same year. 

The equipment and general technique us<.*d in the dissection has 
been described previously by Morris, Alexander, and Pascoc (1945). 
In this study the kernels were hydrated by exposure for 24-48 hours 

1 Cooperative investigations between the Divlbion of Cereal Crops and Dibcaseb, Sureau of Plant 
Industry, Soils, and Agricultural Engineonng. Agricultural RcbearcU iUministration, U. S. DeD^tment 
of Agriculture, aud Department of Agronomy, Ohio Agricultural l^xperiment Station. 

a Senior Chemist, Junior Botanist, and former Assistant Chemibt. respectively, Division of Cereal 
Crops and Diseases at the Federal Soft Wheat Laboratoiy, Wooster, Ohio. 
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in a closed vessel containing an open dish of Avater and the germ, 
with its bran covering, was then removed with a scalpel. I’he germ 
and degermed keniels were dried for 2 hours at 130“C and weighed. 
In preparation for the dissection, each degermed kernel was first cut 
transversely at midsection and then each half kernel was cut longi- 



Fig. 2. Successive btages of dissection of brush lialves: M) mounted and ready for dissection; 
(J5) after removal of center over crease; (C) aftei removal of center in cheek; (D) after removal ot 
check. (Magnification 0 diameters.) 

tudinally through the crease. The brush ends were mounted together 
in pairs on “Lucitc” microscope slides by means of a solution of 
“Lucitc” in chloroform. The gemi ends also were mounted in the 
same mann<>r. 

The endosperm was separated into five fractions. The three frac¬ 
tions removed from th(' central zone w(‘re designated as “center over 
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crease,** “center in cheek,** and “cheek** endosperm. The remaining 
peripheral endosperm was divided into two fractions; that next to the 
crease was called “crease** endosperm, and the endosperm next to the 
outer part of the kernel was designated as “outer endosperm.** The 
bran was separated into two fractions, “crease bran** and “outer bran.** 
The germ with attached bran constituted another fraction. The 
portion of the kernel included in each fraction is illustrated by the 
drawings in Figure 1. The appearance of the kernel during several 
stages in the dissection is shown in Figure 2. 

The “center over crease** and “center in cheek’* were secured by 
drilling, using a No. 79 or 80 wire-gauge twist drill, whereas the 
“cheek** was obtained by drilling with a No. 34 dental burr. An 
incision was then made at the base of the cheek dividing the remainder 
of the kernel into two parts—“crease** and “outer**; the endosperm of 
each part was separated from the bran by cutting and scraping with 
a sharp scalpel. The dissected fractions were dried for 1 hour at 
135®C, weighed and ground in a micro-Wiley mill. Protein was 
determined on 6-12 mg subsamples by a micro-Kjeldahl procedure. 
Ash content was determined by ashing the remainder of each fraction 
in a semimicro platinum dish, the weighings being made on a micro- 
analytical balance. 

Results 

The dissection and analytical data are presented in Table 1. For 
convenience in discussion, the quantities of dry matter, ash, and pro¬ 
tein in certain fractions have been summed or averaged. The data 
for the center over crease and center in cheek are referred to as “center 
endosperm**; these fractions combined with that from the cheeks are 
referred to as “central zone.'* The crease and outer endosperm are 
referred to as “peripheral zone** and the crease and outer bran as 
“total bran," etc. The data obtained by calculation rather than by 
analysis are shown in italics in Tabic 1. 

One of the difficulties encountered was in obtaining a reasonable 
recovery of the original undissected kernels. In this study losses of 
14, 13, and 22% of dry matter occurred with the soft winter, hard 
winter, and hard spring varieties, respectively. These undoubtedly 
represent fine particles lost to the air in drilling as well as losses in the 
handling of dissected material. Unfortunately there was no way of 
ascertaining how this loss should be apportioned among the several 
fractions, but the high proportion of bran and germ shown in Table I 
indicates that the losses were chiefly in the endosperm fractions. 

Ash. In all three varieties the lowest ash concentration was found 
in one of the two center endosperm fractions. The ash content of these 
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CoMPosmox OF Fractions of Wheat Kernels^ 
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two fra<‘ti()ns v\as not sit'nificMiitlv difTorcal vvitliin th(‘ v*iri<‘ty for llu‘ 
hard wheat, but in 11 h‘ soft wheal the “eenler over the (Tcas(‘’' was 
slij^htly higher than Liu* “eeiiKT in llu* cheek.” 'Plu* **cheek” fraction 
was hij>hcr in ash content than the “center in the cheek” for all three 
wirieties, the smallest diffen^nce occiirrinj:» in the soft wheat. While 
this may be regarded as evidence of an incrctising gradient in concen¬ 
tration from the center of the endosperm to the bran coat, the gradient 
does not appear very sleep in this part of the endosperm. The ash 
content of the two peripheral endosperm fractions—crease and outer— 
was considerably greater than the central zone fractions for all three 
varieties. The average ash content of the peripheral zone exceeded 
that of the central zone by 0.26, O-L^, and 0.15% for Thome, Ten- 
marq, and Thatcher respectively. Although only two principal endo¬ 
sperm zones are reprcvsented in th<* dissections, the results corroborate 
those previously obtained by Morris, Alexander, and I^ascoc (1945) 
in that they indicate the existence of major difTerences in concentra¬ 
tion of ash in various parts of the endosperm. While it will be neces¬ 
sary to anahzo a number of samples of the different classes of wheat 
to estal)lish evidence of fundamental difference between them, the 
greater spread in concentration between the central and peripheral 
zones in the Thorne sample would sc^eni to have some significance 
since in commercial milling it is common practice to obtain lower ash 
patent flours from soft wheat. 

The ash content of the endosperm as a w^hole (i.e., of the five 
endosperm fractions) was lowest for 'riiornc (0.48%), highest for 
Tcnmarq (0.51%), and intermediate for Thatcher (0.49%). These 
figures all appear somewhat high considering that straight grade flours 
containing considerably lower ash contents are commonly milled from 
commercial lots of these wheats. This point is considered further in 
a later part of the paper. 

Protein, The lowest concentrations of protein in all three varieties 
were found in the center endosperm fractions. I'hc '^cheek” fraction 
exceeded the “center in the cheek,“ the difference ranging from 1.0 to 
1.8% in all three varieties, suggesting the existence of a slightly in¬ 
creasing gradient in protein content as was found also for ash. In 
general, however, the data indicate that differences in the composi¬ 
tion of the central zone within a variety are not marked with respect 
to protein. 

The protein content of the two fractions constituting the peripheral 
zone was considerably higher than that of the central zone in all three 
varieties. The increase amounted to 60, 47, and 61% for Thorne, 
Tenmarq, and Thatcher, respectively. 

Comparison of Dissected Fractions and Experimental Mill Streams* 
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It is a common observation that major differences in ash and protein 
content such as these found in dissected fractions also occur in flour 
streams obtained in commercial and experimental milling. The prin¬ 
cipal difference between the two processes is that in dissection it is 
possible to obtain endosperm fractions free of bran; whereas, in milling, 
the flour streams may be contaminated with a small quantity of 
pulverized bran and germ particles. This is especially true of flour 
streams from the tail end of the mill. To determine if the range in 
composition of flour streams obtained by milling agrees reasonably 
well with that found in pure endosperm obtained by dissection, 
2,500 g of the 'Fhorne sample were milled on a Buhler experimental 
mill. The yield obtained by dissection and through mill streams and 
the analytical data are presented in Table 11. 
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The lov^esl concentration of ash, which was found in the first break 
Hour (0.20%), was similar to that of the lowest ash dissected fraction— 
“center in the cheek'*; in fact it agret'S, within the limits of analytical 
error, with the ash content of the whole ctuitral zone (0.31%). The 
second break and first reduction flours were somewhat higher in ash 
content than <Hmtral zon<‘ fnictions. These two stnmns together 
with thi‘ first break represented 40.7% extraction with an ash content 
of 0.34%, comparwl with 22.7% extraction and 0.31% ash for the 
central zone obtained by disst^dion. The high asli flour streams, 
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third break (0.60%) and the third reduction (0.61%), contained 
about the same quantity of ash as the highest dissected fraction— 
crease endosperm (0.63%). Similarly, the lowest-protein flour stream 
(first break, 7.1%) was about equal in concentration to the average of 
the central zone (6.9%), and the high protein flour streams (third 
break, 11.8%, third reduction, 11.0%) were about equal in content to 
the two peripheral endosperm fractions (11.6 and 10.5). 

While it is recognized that there is a distinct limit to which experi¬ 
mental milling can be interpreted in terms of the commercial process, 
the results of this study suggest that the relatively high ash of certain 
flour streams may be accounted for by the ash content of peripheral 
endosperm. The results provide little evidence that incorporation 
of pulverized bran was an important factor in determining the ash 
content of any of the flour streams. In fact the trend is in the oppo¬ 
site direction since the ash content of the total dissected endosperm of 
the Thorne sample was 0.48% compared with 0.41% for the total 
flour obtained by milling. Further evidence of a discrepancy between 
dissected and milled results was found in the data obtained on Ten- 
marq and Thatcher. Individual samples of Tenmarq from each of 
the five locations and of Thatcher from each of the seven locations 
represented in the respective composites for dissection were milled 
separately on the Buhler mill and the results for each variety were 
then averaged. The flour yield, ash, and protein obtained from dis¬ 
section and from milling of the three varieties, including Thome, were 
as shown in Table III. 


TABLE III 

Dissected Endosperm vs. Mill Stream 


Vanetj 

Total dissected endosperm 

Stiaight grade flour 

Yield 

Ash 

Piotem 

Yield 

Ash 

Protein 

Thome 

60.6 

0.48 

9.4 

66.8 


9.4 

Tenmarq 

64.3 

.51 

11.7 


.43 

11.8 

Thatcher 

56.3 

.49 

12.5 

62.4 

.46 

12.2 


The difference in ash content between dissected endosperm and 
straight grade flour is particularly wide with the Thorne and Tenmarq 
samples, for which the most satisfactory dissection and milling results 
were obtained. Whether the variations are due to experimental error 
or to differences inherent in the two processes cannot be determined 
with certainty with the data at hand. It is possible that the dissected 
endosperm ash value is relatively too high because of significant losses 
of material from the lower ash central zone endosperm during the 
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process of dissection. The other possibility is that the shorts produced 
in the milling: operation may carry appreciable quantities of flour 
containing high ash peripheral endosperm, which would result in 
lowering the ash coutiMit of the straight flour. It may be noted, how¬ 
ever, that the discrepancy docs not appear in the protein determina¬ 
tions, there being excellent agreement in regard to this constituent 
between dissected endosperm and straight grade flour in all three 
varieties. 

Sumxiiary 

A microdissection technique previously developed was employed 
to separate whole wheat kernels into fractions as follows: (1) five 
separations by zones of pure endosperm, (2) two of bran, and (3) one 
of the germ (including attached bran). These were obtained from 
three classes of wheat—soft red winter (Thorne), hard red winter 
(Tenmarq), and hard red spring (Thatcher). The Thorne sample 
came from a single location, whereas the hard wheat samples were 
composites reprcseutiiig a number of locations all grown in 1944. 

In all thrcHi varieties the lowc^st concentration of ash was found in 
one of the **cc‘ntor^’ endosperm fractions. Likewise in all three varie¬ 
ties a blight but consist ent increase in ash content of the “cheek 
endosperm” fraction was found as compared with the “center in the 
cheek.” The ash content of the periplieral endosperm fractions was 
considerably greater than any of the central zone fractions, although 
the magnitude of the dilTerencc varied considerably among the three 
varieties. In general, similar results were obtained with respect to 
the distribution of protein in the various endospoi-m fractions. These 
facts furnish consklerablo evidence of an increasing gradient in ash 
and protein content from the ('enter of the endospenn outward. 

A comparison of the ash and proh'in contents of the dissected 
fractions with those* of liuhler Hour mill streams of Thorne soft wheat 
showed that llic l()W(*st-ush dissc*ct<*d fraction (ccnlor in che'ek, 0,29%) 
was identical with that of the low<*st-ash Hour stream (first break, 
0.29%). The highest-nsh flour streams (third break, 0.60%, ancl 
third reduction, 0.61%) were slightly lower than the highest-ash 
dissected fraction (crease endospenn, 0.63%). 

The ash content of total dissected endosperm in all three varieties 
was somewhat higlier than that of the straight grade flours. The 
protein contents of total dissected endosperm and straight grade 
flours, however, were in close agreement. 
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PHOTOMICROGRAPHIC STUDIES OF WHEAT STARCH. H. 
AMYLOLYTIC ENZYMES AND THE AMYLASE INHIBITOR 
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(Received foi publication June 26, 1946) 

'I'his paper supplements the one concerning the development of 
starch granules in wheat (Sandstedt, 1946) with photomicrographs 
and chemical data concerning amylase activity in the developing 
wheat kernel. 

Relationships between starch deposition and amylase activity in 
growing plants have not been extensively studied. Until recently 
methods for quantitatively dilTerentiating the actions of alpha- and 
bcta-amylase Avere not available. Teller (1938) usi'd photomicro- 
graplis of immature starch granules to supjKjrt his liy|X)thesis that the 
growth of starch granules was due to the synthetic action of amylases. 
Bernstein (1943) attempted to relate amylase^ activity to the rate of 
starch formation in the developing maize kernel. lie ('oncludcd that 
the amylases were not active as synthetic agents. Chrzaszcx and 
Janicki (1936) rejAortecl liquefying, dextrinizing, and saccharifying 
action of enzymes from the grain of wheat, oats, barley, and rye imme¬ 
diately after blossoming and showed that the liquefying and dextriniz- 
ing functions gradually disfipix^ar, with a partial loss of saccharifying 
function, as Ihi* grain ripens. .Sandstedl (1946), while studying the 
development of starch in wheat, noticed that tlu‘ starch dei)osited in 
the pericarp was digested during the development of the kernel. 

Materials and Methods 

Kernels of wheat were .selected from greenhouse-grown plants at 
several stages of development. Tht‘ stages of kernel growth referred 
to in this paper as ,4, jB, C, etc., correspond to those shown in Figure 1 
(reprinted from Sandstedt, 1946). 'Fhc stage indicated by G+ rejAre- 
sents about four clays later than G, 

Preparation of Samples. At stage D the kernel w'as sufficiently 
developed to allow a separation of the embryo, jxiricarp, and endo¬ 
sperm.® Each tissue was Avashed with AA’^ater as soon as it had been 
isolated, since^ in disscx:tion there was ijossiljility of considerable con¬ 
tamination of oiU‘ part by the juices from another. Smdi washing 

»Publiblicd with the approval ot the* Uiiector as paper No. 396, Journal Seiieb, Nebraska. Aaii- 
ailtural lixperiment Station. 

-• We me indebted to JaniCh FleminR for the dissection and preparation of the samples. 

548 



Nnv, lOtli 


K. M. SANDSTKnr AND O C liKCKOKD 


549 


n(*c<‘hSiirily iiiLnKhu’<‘(l sdiiic <Tr<>r in thi‘ (|u:iiiliUitiv(' ili'lcrniiuulioiv.s 
of onzvmt' action. 

The iininatiirc whole kernels aii<l the <lis.seclecl tissues were dried 
at room temiH‘ralur<‘ in a current of air from an (dc'ctric fan. Suffi¬ 
cient material w'as pn‘i».ired to 5>ive at h‘ast 51) niR of dried sample for 
each analysis. 

The endosiHTin was prepared for analysis b>' strinding in a mortar. 
The pericari) and wholc> kernels wtre f>round with ^lass. A 50 mg 
(air-drio<I) sami)lc was exlructe<l with 5 ml of a 0.2*'CaC'U solution 
for on<' hour <il 30®C, and tlu'n ('entrifu.n<‘<l. 

'rhe. dissection of the wheat kernel, esiKjcially in the early stages 
of grow'th, W'as tedious and time consuming: at stage D a dry endo- 



Fig. 1. Wixpat kwm*is showing rluiige in bUe and form during development (X2.S). 

A. Unfertili/rtl ovary. 

B'G, KonwlH api)r(»xnuat<‘iv i(*i)n‘M‘ntative oi development to be exiH‘e(i»d at 2-day intervals, 

//. Matnie dty ketnel. 

sperm weiglu'd appnjximately 1 mg. Accordingly, tlu; enzyme 
methods W(T(‘ modified for the use of small quantities of material. 

Alpha-Amylase Deternilnalion, 'FIk' method of S;indst<'dt, Kne<'n, 
and Blish (103^) w'as modified for usi' of small quantities of material 
as follows: 4 ml of hufferx'cl uIjtha-amyUKlextrin substrate was treated 
witli 2 ml of <‘uzyme <‘xtnu'l ((‘tpiivtilent to 20 mg of dry tissue). The 
reaction was ctirriod out in IS nil ttipored centrifuge tubes in the 
30“C water hsith. One-half ml of iodine-potassium iodide solution 
("solution B”) wjis measnretl into dram vials. Two drops (0.1 ml) 
of the reaction mixture was added to the 0.5 ml of iodine solution to 
follow the progress of the reaction. 

For the micro amounts of alpha-amylasc found in the endosperm, 
the “overnight method" (Kneon, Sandstedt, and Hollenbeck, 1943) 
was used wherein 1 ml extract was allowed to act on 4 ml substrate 
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for 18 hours. The reaction was then completed by the addition of 
1 ml of an extract of wheat malt of known activit 3 ^ 

The unit of alpha-amylase activity as defined by Sandstedt, Kneen, 
and Blish (1939) is used in this paper—the amount of alpha-amylase 
which (under the influence of an excess of beta-amylase) will dextrinize 
1 g of boiled soluble starch in one hour at 30°C (usually expressed as 
units per gram of sample). 

Beta-Amylase Determination. The method of Kneen and Sand- 
stedt (1941) was modified for use of small quantities of material as 
follows: 1 ml of tissue extract was added to 8 ml of 2% starch substrate 
and 3 ml of water. The reaction was carried out in a 50-ml Erlen- 
meyer flask at 30‘’C. At the end of the IS-minute reaction period, 

8 ml of 1% H 2 SO 4 solution were added. A 5-ml aliquot was taken 
for ferricyanide reduction. The unit of beta-amylase activity as 
defined by Kneen and Sandstedt (1941) is used in this paper—the 
amount of beta-amylase which will convert 1 g of boiled soluble starch 
to maltose in one hour at 30®C (usually expressed as units per gram 
of sample). 

Photomicrographs. The technique and equipment for taking the 
photomicrographs was the same as that used by Sandstedt (1946). 

Experimental Error. Clean, quantitative separation of tissues was 
difficult in the early stages of kernel development. The endosperm 
tended to cling to the pericarp, and washing the dissected tissues 
entailed inevitable losses. Therefore experimental errors were prob¬ 
ably quite large. However, the data do serve their purpose; they give 
a rough quantitative measure of alpha- and beta-amylase in the tissues 
and indicate the changes which occur during the development of the 
kernel. 

Results and Discussion 

Amylolytic Action in the Immature Wheat Kernel. Teller (1938) 
hypotliesized that starch granule growth was due to amylase action, 
i.e., that the amylases were active as synthetic agents in tire tissues in 
which starch was being deposited. The digestion of the pericarp 
starch during the growth of the kernel shows that an enzyme system 
capable of attacking the starch granule is present in this tissue (Sand¬ 
stedt, 1946). 

In preliminary trials, wheat kernels at the several stages of develop¬ 
ment were autolyzed for 24 to 48 hours (immersed in water, 0.2 M 
acetate buffer at pH 4.7, 1:1,000 Roccal* solution, or buffer and 
Roccal solution), and then crushed and examined. In all tests the 

* Roccal is a detergent antiseptic obtained fiom Winthrop Company* New York City. 

It was used In these cases to check against the possibility of the starch digestion being due to bacterm 
or fungal growth during the eictendea autolysis. Roccu should not be indiscrimittately used because 
under some conditions it has an effect on enzyme action. 
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pericarp starch had been extensively digested, whereas the endosperm 
starch showed only slight digestion. However, if the kernels of wheat 
were crushed before autolysis, tlw* endosperm starch was more rapidly 
digested than the pericarp starch. Such evidence suggested that the 
enzymes capable of digesting native starch granules were present and 
active in the pericarp, perhaps absent in the endosperm, and that 
immature endosperm starch was more readily attacked by enzymes 
than was pericarp starch. 

The pericarp (with the nucellus) and the endosperm were dissected 
from a series of kernels of wheat representing about three- or four- 
day intervals during the first 18 days of kernel development. Each 
pericarp and each endosperm was allowed to autolyze (in buffered 
Roccal solution) for 24 hours, was then crushed, and the amount of 
starch digestion observed. Considerable starch digestion took place 
during the pericarp autolysis, whereas no evidence of enzyme action 
could be seen after endosperm autolysis. Apparently the active 
enzyme system capable of attacking starch granules was present only 
in the pericarp. 

The above procedure was not satisfactory for photomicrographic 
illustration since the progressive digestive action on a particular field 
of starch granules could not be followed. Also, pericarp starch gran¬ 
ules are not satisfactory for photomicrographic studies of enzyme 
action because of their small size and previous exposure to enzyme 
action. Hence, each endosperm was crushed in a drop of 0.2 JW acetate 
buffer (pH 4.7) on a glass slide and then sealed under a cover glass; 
each pericarp also was treated in this way except that washed ^ endo¬ 
sperm starch was added as additional substrate. This procedure 
permitted photomicrographs to be taken of a satisfactory field of 
starch granules before, as well as after, intervals of autolysis. 

For photomicrographic illustration, the action obtained from the 
l>ericarp and en<losix;rm dissected from a kernel harvested the 10th 
day of development was chosc^n as typical of the entire period of de¬ 
velopment. Figure 2 shows endosperm and pericarp starch granules 
in the dispersion made from the pericarp: A at the beginning of the 
digestion, B and C after 5 hours and 24 hours at 30°C. The pericarp 
granules were subject to Brownian movement; accordingly, many of 
those shown in A had moved and cannot be identified in B\ few can 
be identified in C. It is evident that the pericarp contained an 
enzyme system capable of attacking immature starch granules. Some 
of the pericarp granules were quite resistant to the enzyme action, 
whereas the endosperm starch was completely digested in 24 hours. 

^ Isolated endosperms were cruslied in water and the starch so obtained was washed by suspension, 
settling, and decantation. Washed starch was used in order to avoid contaminating the pericarp 
digeht vdth enzymes and inhibitors from the endosperm. 



SS2 


STUDIES 01^ WHEAT STARCH II 


Vol 2? 


The pericarp enzyino sybtem was less active in thobc i^reparations 
representing late stages of pericarp development. By the 14th to 
16th day of development the pericarp had digested most of its own 
starch and had lost considerable of its amylolytic activity. 

The shrinkage, as distinct from erosion, in the immature endosperm 
granules during the early stages of enzyme action, i.c., the difference 
in diameter of the granules before and after a period of digestion, as 
shown in Figure 1 A and B, is of interest. Such shrinkage is not evi¬ 
dent during the action of enzymes on mature native granules, whereas 
it is marked during the action of beta-amylase on partially gelatinized 
granules (unpublished data). 
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Fig. 2. Action of pcncarp en/ymis on inimnitirc pcncarp and endosperm starch granules (X600) 
A* Starch at mitiation ot digestion 

B. After 5 hours. 

C. After 24 hours. 

Figure 3 illustrates the absence of autolytic starch granule degra¬ 
dation in the crushed endosperm during a 72-hour period. If enzymes 
capable of digesting native starch granules were present in the endo¬ 
sperm, they were apparently in an inactive form. This does not pre¬ 
clude the presence of beta-amylase, which is unable to attack undam¬ 
aged immature starch granules. (It is shown later in this paper that 
beta-amylase is present in the endosperm.) 

The absence of starch digestion in the crushed endosperm was not 
due to the use of a pH other than the optimum, since the occurrence 
of starch granule digestion in the crushed pericarp and its absence 
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in the crushed endosperm were evident, whether the dispersions were 
at the natural pH of the crushed tissue, buffered at pH 4.7 with acetate, 
or at pH 6.0 with phosphate. 

The Occurrence of an Amylase Inkilntor. During the course of this 
work it became evident that the resistance of starch granules to 
amylase action increased with maturity. The preliminary procedure 
used for studying resistance to amylase action was to crush the entire 
kernel of wheat in a drop of diluted buffered saliva and to follow the 
action of the salivary enzyme by microscopic observation. The sali¬ 
vary amylase had a relatively rapid action on the immature starch; 
the rate of action decreased with increasing maturity of the starch. 
However, at a stage of development corresponding about to the attain¬ 
ment of full kernel length, salivary enzyme action ceased to take place. 
After this stage of development, no more starch digestion took place 



Fig. 3. Inability of the immature crushed endosperm to digest its own starch granules (X600) 
A. At the mitiation of digestion 
B After 72 hours digestion 


in the presence of saliva than could be accounted for bv the action of 
the pericarp enzymes alone. Yet if washed starch were treated with 
saliva, normal digestion occurred. It was then found that extracts of 
wheat flour and even of wheat mall would inhibit salivary amylase 
action. Apparently an inhibitor of certain types of amylases was 
developed in the growing wheat kernel at about the time that full 
length was attained. 

Since the pericarp and endosperm differ in amylase activity, it was 
of interest to investigate the possible presence of the amylase inhibitor 
in each of these tissues. Endosperms and pericarps were dissected 
from kernels at the full length stage. Each endosperm was crushed 
in a drop of buffered saliva on a glass slide, sealed beneath a cover 
glass, and placed at 30®C for digestion. This procedure was repeated 
with the pericarps, but since at this stage an undried endosperm 
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weighed about five times as much as an undried pericarp, five peri¬ 
carps were used, together with about 0.5 mg of washed endosperm 
starch, in each drop of buffered saliva. Check slides were prepared 
using buffer solutions with no s<iliva and using 0 5 mg of washed 
endosperm starch ^ alone in buffeted saliva. 

Typical photomicrographs obtained after a 6-hour digestion are 
shown in Figure 4. No evidence of enzyme action was shown in the 
presence of the crushed endosperms (Figure SA), which indicates an 
inactivation of the salivary amylase system; as before noted, there 
was no active enzyme system in the endosperm itself capable of attack¬ 
ing starch granules. 

On the other hand, the salivary enzymes were active in the presence 
of the crushed pericarp (Figure 4 S). That most of the action shown 
in Figure 3 B was due to salivary amylase and little due to the x>eri- 



Fig 4 Salivary amylase inhibitor as found m the endosperm and pencarp on the 16th day of 
kernel development. 

MI photomicrograplui taken after 6 houis digestion (X600) 

4 Showing complete inhibition of salivary digestion in suspension of crushed endosperm 
B Action ol sali\ ary and pencarp amylases on washed endosperm starch in the presence of the crushed 
pencarp—no inhibition of salivary amjiase by the ernshw pencarp 
C Pericarp amvlase alone on washed endosperm slauh in tht pnsence of ciushcd pcncaip 


carp enzMiic system is .shown by comparison with Figure 4 C which 
shows the action of the enzymes of the crushed pericarp on washed 
endosperm starch. Apparently a salivary amylase inhibitor was pres¬ 
ent in the endosperm but not in the pericarp. This is substantiation 
of the work of Kneen and Sandstedt (1946); they showed that wheat 
bran extracts caused little inhibition of salivary or bacterial amylases. 

Correlation of Microscopic Observations with Chemical Analysis, 
The data of Figure 5 correlating the concentration of alpha-amylase 
in the kernel and in the kernel tissues with the age of the kernel 
indicate that the alpha-amylase was practically all in the pericarp 
with only traces in the endosperm and that the concentration in the 
pericarp decreased with development. 

In accordance with the work reported by Chrzaszcz and Janicki 
(1936), there was a steady decrease in alpha-amylase concentration 
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in the whole kernel during the growth of the kernel. They, however, 
could partially restore the original amylolytic power of the grain 
(but only up to a certain stage of development) by the use of '*eleuto- 
substanccs” (peptone or weak solutions of salt). They explain the 
fact that restoration was only partial, i.e., their inability to obtain 
as high values during the later stages of kernel development as during 
the early stages, by hypothesizing an excessive accumulation of “sisto- 
substances” which bind and thus inactivate the amylase to such an 
extent that the inactivation could not be nullified by “eleuto-sub- 
stances.*^ 

The data of Figure 5 indicate that the decrease in alpha-amylase 
concentration in the whole kernel during development was due to two 



factors: 1. A decrease in the content of active alpha-amylase in the 
pericarp tissue. Wo were unable to increase the alpha-amylase 
activity of extracts from tissues of immature kernels by the use of 
the ‘‘eleuto-substances*’ mentioned by Chrzaszcz and Janicki. 2. The 
rapid growth of the endosperm (containing only traces of alpha- 
amylase) with a consequent decrease in the proportion of the kernel 
occupied by the tissues rich in alpha-amylase. 

Figure 6, showing the changes in alpha-amylase expressed on a 
per kernel basis, indicates that there was an increase of alpha-amylase 
in the kernel during the first week of development (to stage D) after 
which there was a decrease. The increase occurred during the period 
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STAGE OF GROWTH 

Fig. 6. Relation of btage of kernel development to total alpha-amylase content of tlie kernel 
and of the kernel tissues. Alpha-amylase expressed as units per 1,000 kernels. 


of rapid growth of the pericarp. The alpha-amylase concentration in 
the pericarp was decreasing during this period (Figure 5), but the 
increase in pericarp tissue was rapid enough to cause an increase in 
total alpha-amylase. After stage D the increase in pericarp tissue 
was too slow to overbalance the decrease in concentration of alpha- 
amylase. 

Figure 7 showing beta-amylase on a per gram basis indicates a 



STAGE OF GROWTH 

Fig. 7. The rdation of stage of kernel devdopment to^concentration of beta-amylase. 
Beta-amylase expressed as units per.gram.of^air-dried tissue. 
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rapid increase in concentration of beta-amylase in the whole kernel 
for about the first six days of growth, after which the concentration 
was almost constant. The concentration of beta-amylase in the 
endosperm increased rapidly during the period of change in endosperm 
character, i.e., from a tissue containing little starch to a starchy tissue 
(stages D to G). Chrzaszcz and Janicki (1936) noted a decrease in 
saccharifying power during the later stages of the development of the 
kernel. This decrease, however, was in saccharification due to the 
combined action of the alpha- and beta-amylases and so may have 
been due to the decrease in alpha-amylase (rigure S). The pericarp 
also contained considerable amounts of beta-amylase. 



Figure 8, showing the units of Ijcta-amylase on a per kernel basis, 
indicates an increase in the total beta-amylase in the kernel with 
growth corresponding to the growth of the endosperm. 

Embryo, Determinations of amylase activity of the embryo are 
not reported, as sufficient samples were not obtained to make reliable 
determinations. Such results as were obtained indicated that beta,- 
amylase was present in smaller amounts in the embryo than in the 
endosperm and that alpha-amylase was present but in smaller amounts 
(on a per gram basis) than in the pericarp. 

Effect of Proteolytic Enzyme Action on the Extraction of Amylases 
of the Immature Kernel, Eighteen-hour extractions at 30®C were made 
on samples of endosperm at stage G and whole kernel at stage D using 
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a solution containing 0.2% CaCU and 10 mg % ficin.® No appreciable 
increase in either alpha- or beta-amylase activity was observed in these 
extracts, as compared to those made without the use of the proteolytic 
enzyme. Apparently the decrease in alpha-amylase during the growth 
of the kernel was not due to a tie-up of the amylase similar to that of 
beta-amylase in the mature kernel. Chrzaszcz and Janicki (1936) 
could not increase dextrinizing and liquefying powers by the action of 
papain. 

Summary 

Photomicrographs are shown indicating the presence of an amylase 
system in the pericarp of immature wheat capable of digesting native 
starch granules. However, no active enzyme capable of attacking 
native granules could be found in the endosperm at any stage of its 
development. 

Chemical determinations of amylase activity on extracts of peri¬ 
carp and of endosperm tissue from wheat at several stages during its 
development substantiated the data obtained by microscopic observa¬ 
tion, indicating the presence of alpha-amylase in the i>ericarp with 
only traces in the endosperm. The concentration of alpha-amylase 
decreased during the growth of the kernel, whereas the total alpha- 
amylase in the kernel increased during the first week of development 
(period of most rapid growth of pericarp tissue) and then decreased. 

The concentration as well as the total quantity of beta-amylase 
increased during the growth of the kernel, most of the increase being 
due to the growth of the endosperm. 

An amylase inhibitor (which had no effect on the natural wheat or 
malt amylases but which was effective in inhibiting salivary amylase) 
appeared in the endosperm at approximately the time that the imma¬ 
ture kernel reached full length. This inhibitor was not found in the 
pericarp tissue. 
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SOME OBSERVATIONS ON THE VISUAL COLOR OF 
TUBULAR AND DISC MACARONI 

L. D. SiBBiTT and R. H. Harris 
N orth Dakota Agricultural Experiment Station, Fargo, North Dakota 

(Received for publication May 2, 1946) 

FifielcI, Smith, and Hayes (1937) described a method for producing 
micro macaroni discs for assessing macaroni-making quality and color 
characteristics. Cunningham anrl Anderson (1943) pointed out that 
difficulty was experienced in obtaining reliable results by the above 
method and they therefore developed a modified procedure. These 
workers also studied the influences of variations in processing condi¬ 
tions on the opacity of the discs (Cunningham and Anderson, 1943a, 
1943b). Smith, Harris, Jesperson, and Sibbitt (1946), employing 
equipment similar to that described by Fifield et al. (1937), also used a 
modified procedure of the original technique for making the discs. 
Smith and associate's showed quite clearly the effect of degree and 
duration of pressing on air bubble size and number, and light trans¬ 
mission of the discs. 

Fifield et al. (1937) made comparisons of the discs with tubular 
macaroni. An N-A colorimeter equipped with four color discs was 
used, but only tlu' yellow component was selected as an index of com¬ 
parison. Satisfactory results were obtained from five samples repre¬ 
senting different durum varieties grown at Langdon, North Dakota, 
in 1934, but loss satisfactory results were secured from four samples 
from the 1936 croi). There is no direct comparison between the color 
characteristics of micro macaroni discs and tubular macaroni in the 
paper by Cunningham and Anderson (1943a). 

The study reported in this paper was conducted to obtain further 
information regarding the effect of degree and duration of pressure on 
visual color score of macaroni discs, and to compare directly the color 
scores of disc and tubular macaroni processed from the same series 
of semolinas. 
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Materials and Methods 

Purified semolinas used in this investigation were experimentally 
milled from six varieties of durum wheat grown at Langdon in 1943. 
Of these, Mindum, Carleton, Stewart, Kubanka, and Monad are 
grown commercially, while L.D. 153 is still in the experimental stage. 
These varieties were selected because they represent a wide range in 
macaroni color. 

The wheats were milled in an Allis-Chalmcrs experimental mill and 
purified in a small scale purifier, and the tube macaroni was processed 
from the purified semolina using the methods and technique outlined 
by Harris and Sibbitt (1942). Micro macaroni discs were also made 
from the purified semolinas at three pressing times and four pressures 
as discussed by Smith et aL (1946). Since these workers also described 
details of processing the discs, and making light transmission readings, 
experimental technique will not be outlined in the present paper. The 
macaroni and the micro macaroni discs were judged visually against a 
color standard. The color scale ranged from 0 to 10 in increments 
of 0.5. 

Results 

Table I shows the individual visual color scores and the means of 
the micro macaroni discs for the six varieties at throe pressing times 
and four pressures; also the visual color scores for the tubular macaroni. 
In processing the discs, 2,000 pounds pressure per square inch for 60 
seconds produced discs of satisfactory colors with a fairly good range 
between the varieties, and was selected as the standard for comparison 
with the macaroni. This choice is also substantiated by the light trans¬ 
mission readings for the discs at the various times and pressures, pre¬ 
sented graphically in the paper by Smith et aL (1946). This method 
has the advantage of being comparatively rapid, and the pressure is 
very convenient to employ. 

An extreme variation in color score is evident among the different 
treatments, and emphasizes the importance of time and degree of 
pressure in processing disc macaroni. The poor color score of the discs 
produced at relatively low pressures illustrates the observation of 
macaroni manufacturers that the first portions of macaroni extruded 
from the press, before the optimum pressure for the development of 
satisfactory color is built up, are dull and have poor color. Smith and 
associates found that the first sections of tube macaroni from an ex¬ 
perimental press contained numerous small air bubbles, and attributed 
the unsatisfactory color characteristics of the product to this fact. 
Numerous small bubbles interfere more with the passage of light 
through the material than a few large bubbles. 
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TABLE I 

Visual Color Score of Macaroni Discs 
(Durum wheats grown in 1943) 


Time 

Pieshiiie 

Cailcton 

Mindum 

Stewart 

L.D. 153 

Ku¬ 

banka^ 

314 

Monad^ 

Mean 

Sec. 

Ib.hq. in. 








20 

1,250 

3.0 

3.0 

3.0 

3.0 

2.0 D 

1.5 DB 

2.6 

20 

1,500 

4.0 

4.0 

4.0 

4.0 

3.0 D 

2.0 DB 

3.5 

20 

2,000 

6.0 

6.0 

6.0 

6.0 

6.0 D 

4.0 DB 

5.7 

20 

3,000 

9.0 

8.0 

8.0 

8.0 

6.5 D 

5.0 DB 

7,4 

Mean 








4.8 

60 

1,250 

4.0 

4.0 

5.0 

5.0 

3.0 D 

2.5 DB 

3.9 

60 

1,500 

7.0 

7.0 

6.0 

6.0 

6.0 D 

5.5 DB 

6.3 

60 

2,000 

9.0 

9.0 


8.0 

7.0 D 

6.0 DB 

8.0 

60 

3,000 

9,0 

9.0 

9.0 

9.0 

7.0 D 

6.0 DB 

8.2 

Mean 








6.6 

240 

1,250 

8.5 

8.0 

7.0 

7.0 

6.5 D 

5.0 DB 

7.0 

240 

1,500 

9.0 

9.0 

8.0 

8.0 

7.0 D 

6.0 DB 

7.8 

240 

2,000 

9.0 

9.0 

8.5 

9.0 

7.0 D 

6.0 DB 

8.1 

240 

3,000 

9.0 

9.0 

9.0 

9.0 

7.5 D 

6.0 DB 

8.2 

Mean 


7.2 

7.1 

6.9 

6.8 

5.7 

4.6 

7.8 

Color score of 








tube macaroni 

9.5 

7.5 

8.5 

9.5 

7.0 

3.0 



Analysis of Variance 


Souicc of variation 

Degrees of 
freedom 

Variance 

Between varic‘ti<‘s 

5 

12.39* 

Between pressures 

3 

42.05* 

Between times 

Interactions: 

2 

54.68* 

(Varieties X prcvssurcs) 

15 

0.22 

(VarictiesX limes) 

10 

0.21 

(Pressures X times) 

6 

5.84* 

(Variet ie.s X j )ressiires X times) 

30 

0.21 

'Fotal 

71 



ID 1)B - dull biowu. 

Note: Buld type indicates data selected for comparison with tube macaroni. 
* Denotes eiigniticance at 1% point. 


An analysis of variance for the visual color score of the micro 
macaroni <liscs at tlic various pressing times and pressures is given in 
Table 1. Very significant differences are shown for varieties, pres¬ 
sures, and times. Varieties have the least effect, with times the great¬ 
est. The data are shown graphically in Figure 1. Pressing for 20 
seconds apparently cannot develop the best color irrespective of the 
pressure applied. Pressing for 60 seconds, however, will yield opti¬ 
mum color provided the pressure is above a minimum, approximately 
2,000 pounds per square inch in the present instance. A pressing time 
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of 240 seconds attains maximum color score slightly above 1,500 
pounds. The relation between pressure and color score is curvilinear 
at low pressures for <ill press limes. These results agree rather well 
with the conclusions of Smith et al. (1946), who found similar trends 
in the effect of duration and intensity of pressure on bubble size and 
number, and light transmission. T'he pressure effects on color score 
are not as sharply defined as they are on bubble properties and light 
transmission determinations, and this result would be anticipated a 
priori because the latter measurements are quantitative and discrete 
in character. A correlation coefficient of +0.743(i\r = 78) was found 
between the light transmission readings and the visual color scores for 



Fig 1. Effect ot prcssuie and pressing lime on the visual color scoie ol macaioni discs 
I he cuivtH, represent the mean values loi thrw laiioties 

the micro discs. Although this value is not sufficiently high to allow 
the accurate prediction of color score of disc macaroni from light trans¬ 
mission readings of the discs, it does show a distinct positive relation 
between the two series of observations. The lack of better agreement 
apparently lies in the high pigment content of Monad, which is not 
reflected in the light transmission values, and in the failure of the visual 
score to differentiate well among the higher pressures. 

Comparative macaroni disc color score data representing six durum 
varieties are shown in Figure 2. The solid bars represent the mean 
color scores for macaroni from wheats grown at Langdon for six con¬ 
secutive years (1940-1945). The finer cross-hatched bars show the 
results obtained on the tubular macaroni for one year only (1943), 
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and the coarse cross-hatched bars denote the data for the discs proc¬ 
essed from the same semolina using 60 seconds pressing time and 2,000 
pounds pressure. These data yield a direct comparison of the color 
scores of tubular macaroni obtained from six years’ data with the 
resulls .secured from one year’s data on the same varieties. As would 
b<‘ exiK'Cted, .some differences in the actual scores are observed, but 
the general ranking of the varieties is essentially the same. An indica¬ 
tion is also given of the relative grading of the two products within 
one y''ear. In view of the satisfactory relationship in macaroni color 
between data from six crops and the results from the 1943 crop, and 
between the tubular and disc macaroni series for 1943, it would appear 
reasonable to assume thal a similar relationship would exist between 



MACARONI (I940~I94S> 
MACARONI (I04S) 
MACARONI DISC (1943) 


ImK 2 VisuaI <oIoi oi tubulai nneatoni and mitiu macaroni discs (piessuie 2,000 

{Riunds iK*i stiuaip inch, pitssinj; tinu* 60 seconds) 


Uilx' m,u'<ironi ,uul macaroni <liscs for sue years’ data. Actually to 
prove this hyi)othesis it would Iw nect'ssary to carry on this study for 
a number of years. 1 hwever, with the recent development of a newer 
and possibly a lu'tler method for evaluating small samples of semolina 
(Martin, Irvine, and Anderson, 1946), the utility of the disc procedure 
will in all probability lx; greatly curtailed, especially for nursery sam¬ 
ples. It is interesting to note the Mindum and Monad had a higher 
color score for the micro macaroni disc, in this disc. Monad appeared 
more translucent than in the tubular macaroni; however, it still 
possessed the distinct undesirable brown color which is characteristic 
of this variety. Apparently there is a highly significant positive asso¬ 
ciation betwwn the color scores for the two series of products, but the 
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number of readinj^s (six) was too small to justify the calculation of a 
correlation coefficient for suljjective <hit«i of this nature. It does 
show, however, that macaroni discs ^iw a good indication of the color 
ranking of tube macaroni processed from the sani(‘ material. 

Summary 

Semolinas wore experimentally milled from six durum varieties 
grown at Langdon in 1943. Tubular macaroni and micro macaroni 
discs were processed. Three times and four pressures were used in 
producing the discs. 

Very significant differences in the visual color scores of the discs 
were found between varieties, pressures, and times, with the effect 
of variety being least marked. A pressing time of 60 seconds and a 
pressure of 2,000 pounds per square inch gave the most satisfactory 
results. A satisfactory relationship was evident between the visual 
color scores of these discs and tubular macaroni nia(U‘ from the same 
semolina. 

A correlation coefficient of +0.743 was found between the light 
transmission readings and the visual color scores for the micro discs. 
This value is not high enough to permit the estimation of color score 
from light transmission readings, owing chiefly to the relatively high 
pigment content of one of the durum varieties, and to the inability of 
the visual score to differentiate effectively among the higher pressure 
treatments. 

It is concluded from this study that colors judged from micro 
macaroni discs could with limitations be used as an index of the color 
of the actual ma<'aroni. 
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NOTE ON A SEMIMICRO MILLING PROCEDURE 
FOR DURUM WHEAT ^ 

M. H. Fisher and W. O. S. Meredith 

Grain Research Laboratory, Board of Grain Commissioners for Canada, 
Winnipeg, Manitoba 

(Received for publication August 5,1946) 

The semimicro milling procedure described in this note was de¬ 
veloped in the laboratory to provide sufficient semolina for quality’ 
tests on early generations of durum wheats produced by plant breeders. 
Its particular advantages, as compared, for instance, with the methods 
of Fifield, Smith, and Hayes (1937) and of Harris and Sibbitt (1942), 
are that it can be used with as little as 300 g of wheat and produces a 
higher yield of semolina. There is a slight sacrifice in coarseness of the 
semolina, but this is about the same in granulation as, and equal in 
dress to, a commercial third sizing, and has proved entirely satisfactory 
for all laboratory tests of macaroni-making quality. Although the 
flow was designed primarily for small samples, it is now used in this 
laboratory for large samples as well. 

A minimum of 300 g of clean wheat (14% moisture), plus an addi¬ 
tional 1% for scouring loss, is recommended for the semimicro pro¬ 
cedure; less wheat produces too small an amount of semolina for 
efficient purification. The moisture content of the wheat is raised to 
14.5% with distilled water and, after mixing thoroughly, the wheat is 
set aside in a closed container to temper for 18 hours. It is then 
scoured and the weight reduced to 302 g, which corresponds to 300 g 
at 14% moisture. Just before milling, additional water is added to 
bring the moisture content of the wheat to 17%. 

The flow is shown in Figure 1, and requires four breaks, two reduc¬ 
tions, and four purifications. It was designed for an Allis-Chalmers 
mill with first and second break rolls mounted two-high in the same 
housing. The wheat thus passes from the first to the second break 

1 Paper No. 84 of tbe Grain Research Laboratory and No. 248 of the Associate Committee on 
(Srain Research (Cmiada). 
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without intermediate sifting. For a mill with separate stands for 
first and second breaks, the sifter may be by-passed after the first 
break which releases very little semolina. The flow may be modified 
by changing the first two breaks to suit th(‘ available stands of break 
rolls. 

The recommended corrugations and spacing of the rolls are as 
follows: first break, 18 corrugations, .056 inch; second break, 20 corru- 


WHEAT 



SEMOLINA DISCARD 

Fig. 1. Flow slieet tor niillmg of wheat and purification of semolina. 


gations, .020 inch; third break, 24 corrugations, .008 inch; fourth 
break, 24 corrugations, .004 inch; first and second reduction, lightly 
frosted rolls barely touching. All purifications are made with maxi¬ 
mum air flow in the machine described by Binnington and Geddes 
(1936). Other details of the flow are shown in Figure 1, 

To obtain information on the comparative yields and quality of 
scmitnicro* and macro-milled semolina, 42 varieties of amber durum 
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wheat were milled by both procedures. Each wheat was a composite 
sample of the variety grown at several stations in western Canada in 
different years: 13 varieties in 1941, 16 varieties in 1942, and 13 
varieties in 1943. The mcthorls of milling were identical except that 
300 g wheat was used for the semimicro procedure and 2,500 g wheat 
for the macro procedure. Quality was assessed by the disc procedure, 
described by Cunningham and Anderson (1943), with a dough mixing 
time of 40 seconds and absorption of 30%. The mean data, for each 
year and all years combined, for semolina and disc properties are 
reported in Table 1. 


TABLE I 

Mean Data for Semolina and Disc Properties 


Year 

Method 

Semolina 

DibCb 

Yield 

Protein 

Pigment 

opacity 

Yellowi 

Pigment 



% 

% 

ppm. 


% 

p.p.m. 

1941 

Scmimicro 

51.6 

— 

4.16 

2.67 

48.0 

3.24 


Macro 

51.5 

— 

4.19 

2.72 

49.1 

3.25 

1942 

55eniimicro 

54.2 

12.1 

3.25 

3.71 

41.5 

2.54 


Macro 

56.1 

12.1 

3.36 

3.41 

45.8 

2.60 

1943 

Semimicro 

52.2 

13.1 

5.15 

2.72 

53.8 

3.43 


Macro 

52.2 

13.1 

4.86 

2.50 

52.9 

3.69 

1941- 

Semimicro 

52.7 

12.6 

4.19 

3.03 

47.8 

3.07 

1943 

Macro 

53.3 

12.6 

4.14 

2.88 

49.3 

3.18 


1 ReHected Iiglit. 


The mean values for the 42 samples (last two lines in table) show 
that semolina yields and pigment contents were essentially the same 
for both procedures and that protein contents were identical. For the 
discs, opacity and pigment contents were much the same, but percent 
yellow was slightly higher for the macro milling. Agreement between 
the mean values for different years was good for 1941 and 1943 and 
not quite so good for 1942, particularly in semolina yield and percent 
yellow. The differences arc not unduly large and arc considered satis¬ 
factory. Because of low protein content, durum wheat of the 1942 
crop offered more difficulties in milling and in paste preparation than 
usual, and the divergence between the mean values found for 1942 
was not unexpected. 

Although all the factors listed in the table are considered when 
selecting promising varieties, the visual rating of the discs for color 
is the most useful single index used. Comparison of varieties is always 
made with Mindum, the recognized standard variety for amber durum 
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wheat, and only varieties that are “equal in quality” to Mindum are 
considered for licensing and distribution. In all three sets of samples, 
Mindum ranked high in visual appearance of the discs, and there was 
good agreement between the semimicro- and macro-milled samples 
on the varieties that were classed as “equal to or better than” Mindum. 
Some discrepancies were found among the placings of varieties classed 
as “inferior to” Mindum but, as such samples are generally not recom¬ 
mended for further testing, their actual rank-order placing is of second¬ 
ary importance. 

This study indicates that the semimicro milling procedure is a 
most useful one; it meets the requirements of the plant breeder and 
enables the laboratory to provide information on durum wheat quality 
at a much earlier stage in the breeding program than would be possible 
otherwise. 
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A MICRO METHOD FOR MAB3NG MACARONI ^ 

V. G, Martin, G. N. Irvine, and J. Ansel Anderson 

Grain Research Laboratory, Board of Grain Commissioners for Canada, 
Winnipeg, Manitoba 

(Presented at the Annual Meeting, May 1946; received for publication July 25,1946) 

The first micro method for evaluating the macaroni-making quali¬ 
ties of durum wheats was reported in 1937 by Fifield, Smith, and 
Hayes, who prepared discs from 30 g of semolina. Since that time, 
Cunningham and Anderson (1943) have modified the method some¬ 
what and have introduced an optical opacity measurement as a supple¬ 
mentary means of evaluating quality. Further work with a modified 
form of the apparatus used by Fifield et al. has been recently reported 
by Smith, Harris, Jesperson, and Sibbitt (1946). While the disc 

> Paper No, 85 of the Grain Research Laboratory, Board of Grain Comxnissioners for Canada, 
Winnipeg, and Paper No. 246 of the Associate Committee on Grain Research (Canada). 
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method has been of considerable value in working with small samples 
of durum wheats, it has been shown by previous investigators that the 
correlation betwcn the color scores for discs and for macaroni made 
from the same semolina are not entirely satisfactory. To eliminate 
the difficulties of working with the disc method while retaining its 
micro proportions, equipment and method have been developed for 
producing macaroni from 50 g of semolina. Some of the apparatus 
used is the same as used in the disc method, some has been modified, 
and some has been newly designed. In developing the apparatus and 
method, an attempt has been made to adhere as closely as possible to 
the routine of commercial practice. 



Fig. 1. Mixing unit and belt-drivcn kneader. 

Apparatus 

The apparatus can be conveniently described in relation to the five 
stages of macaroni-making: mixing, kneading, resting in the press, 
extrusion, and drying. 

Mixmg Unit. Figure 1 shows the mixing unit. This is essentially 
the same as that described by Cunningham and Anderson (1943) ex¬ 
cept for a new mixing spindle and the addition of a vacuum cover over 
the mixer. The vacuum cover and vacuum gauge are of no concern 
in this paper; they were added to facilitate experimental work on 
mixing. 

The mixer is directly below the round vacuum cover shown in the 
photograph. It consists of a small U-shaped mixing trough, 1\ inches 
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square by 2| inches deep, set in a constant temperature bath, which 
forms the bulk of the mixing unit shown in the photograph. The 
trough contains a horizontal spindle with four mixing paddles, each 
one inch long and set at right angles to each other; two work flush 
with the ends of the trough and the other two are spaced equally be¬ 
tween the ends. The mixing spindle is driven by a reversible motor 
at 57 r.p.m., and the direction of mixing maj be changed by means of 
the reversing switch. Lids of six brass semolina-conditioning cylinders 



Fig. 2. Belt-driven kneader. 


immersed in the bath, the stirrer motor, and the thcrmoregulator are 
also shown in the photograph. 

Kneader. Figure 2 is a photograph of the kneader. It is made up 
of two bronze rolls, 2 inches long by 2 inches in diameter, set in a 
brass framework inches high. The upper roll is corrugated with 
12 blunt teeth \ inch deep, and is driven by a belt and pulley from the 
motor that drives the mixer; the roll rotates at 2S r.p.m. The lower 
roll is smooth and rotates freely; its distance from the driving roll can 
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Fig 3. Hand-operated kneading trough 

be varied by means of the screw adjustment and lever arms in the fore¬ 
ground of the photograph. The space between the rolls can be varied 
from 2 inch to zero. 

Some work has been done with the hand-kneader shown in Figure 3. 
The trough consists of two brass strips 9 inches long, I inch wide, 
and \ inch thick, screwed onto a brass plate 9 inches X 3 inches X \ 



Fig. 4. Rest press, and extiusion press showing niacaioni strand emerging from die 
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inch; tlie hand roller is of the same general design as the driven roller 
described above and is 2 inches in diameter and l| inches wide. The 
handles are of solid steel f inch in diameter and 4® inches long. 

Rest Press, A photograph of the rest press, as it appears in opera¬ 
tion, is shown on the left-hand side of Figure 4. The press is a stand¬ 
ard Carver laboratory press fitted with a 6,000 pound gauge. Plunger, 
dough holding cylinder, and end cap, which comprise the additional 
equipment required, are shown assembled in the photograph and 
separated in the detail drawing at the left in Figure S. The plunger is 
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Fig. 5. Detail of rest press and extrusion press equipment. 

1 inch outside diameter at the end and is relieved | inch from the end 
to facilitate removal from the dough cylinder. A tolerance of 3/1,000 
inch is allowed between the cylinder and the end of the plunger. The 
cylinder is knurled and the end cap milled to permit easy removal 
of these parts from the assembly. 

Extrusion Equipment. The right-hand side of the photograph in 
Figure 4 shows the extrusion equipment as it appears in operation. 
This press is identical with the rest press except that it is fitted with a 
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2 000 oound gauge. Drawings of the extrusion equipment are shown 
^ dlS i tL center and right-hand side of Figure 5. The plun^ 
and dough cylinder are identical and interchangeable wij those of the 
rest press apparatus In addition there are shown the die heater, 
singltholcd die with threaded collar, and the adapter cyhndCT fitt^ 
with a brass trough. The die was made by F. Maldan and Bros, of 
New York and is 2| inches in diameter and i inch thick. A bronze 
fhrIcS collar is Welded to the die (with easy-how silver solder) so 



few strands of macaroni are ahown in It morda 

seen. 1%. cabins i. made of tempered 
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masonite on an angle iron frame, 28 inches high, 21 inches deep, and 
14 inches wide. It is divided into two compartments by a shelf 
slotted with holes to allow free circulation of air from the top to the 
bottom. The upper compartment contains a small variable-speed 
fan, a Bahnson humidifier, and two 60 watt 12 inch Lumiline Mazda 
lamps used as heaters. A third lamp of 40 watts is placed across the 
bottom of the cabinet. The lower compartment contains racks to hold 
the wooden drying sticks, an ^\minco thermoregulator, and the trough 
for the wet bulb controller. A junction box is mounted on the side 
of the cabinet and contains the relays for the humidity controller and 
the tliermoregulator, the rheostat for controlling the fan speed, and 
switches for all the electrical circuits. 

Uniform circulation of air is maintained by the fan. An adjustable 
inlet vent is provided directly above the fan, and there arc two outlet 
vents, 1 inch in diameter, at the bottom of each of the two sides, about 
4 inches from the corners. The humidity is controlled by means of a 
wet bulb recorder of the type described by Binnington and Geddes 
(1934). In essence it consists of a recording wet bulb thermometer 
in which the recording chart is replaced by a metal disc cut to a pat¬ 
tern. When the pen makes an electrical contact with the disc the 
humidifier is turned on; in this way it is possible to obtain any desired 
humidity-time gradient. 


Method 

The method presented below is based on the results of an investi¬ 
gation of the various processing factors; while it produces an excellent 
sample of macaroni, it is subject to change as and if additional study 
shows the need. 

A 50-g sample of semolina is mixed at 31% absorption (14% moisture 
basis) for 75 seconds, with the water l)ath at 86°K. 'Fhe dough is 
removed from the mixing trough and run through the kneading rolls 
10 times. The rolls are set i**, inch apart, and after each run the dough 
is folded, alternately crosswise and lengthwise. (If the hand kneader 
is used, minutes is sufficient to produce a workable dough.) It is 
then placed in one of the press cylinders, the bronze end cap is screwed 
on, and the cylinder is placed in the rest press under a pressure of 1,000 
pounds. During the 9 minutes it is allowed to rest, the pressure falls 
to about 600 pounds. The cylinder is then removed from the rest 
press and the end cap is unscrewed and replaced by the die. The as¬ 
sembly is then placed in the die heater and mounted on the adapter 
cylinder. The die is kept warm in the die heater when not in use, and 
the equilibrium temperature while the dough is being extruded is kept 
at 105®F. The press is pumped up and the macaroni is extruded at a 
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constant rate of 36 inches per minute. When the strand of macaroni 
reaches a length of 30 inches, it is cut and looped over round wooden 
sticks|j^J inches long and J inch diameter. Four strands are obtained 
from the dough. These are allowed to case harden in the room for 5 
minutes at a temperature of about 7S°F and 35% relative humidity, 
after which they are placed in the drying cabinet maintained at 90°F 
and 95% R.H. The cabinet conditions remain at this level until one 
hour after the last sample of a batch is in, after which the humidity 
controller is set and the relative humidity falls at a uniform rate from 
95% to 65% over a period of 48 hours. At the end of this time the 
heaters and humidifier are turned off and the cabinet is opened. The 
macaroni is left overnight with the fan running and thus reaches 
equilibrium with laboratory conditions. 

The use of the rest press may be avoided by using an alternative 
method. The dough is placed in a beaker with a wax paper seal, and 
this is set for 30 minutes in a desiccator containing water. But this 
method eliminates the advantages of resting under pressure. The 
rest press may also be dispensed with by using the extrusion press for 
both functions, though this more than doubles the time required to 
process each sample. 


Discussion 

In working out a suitable method two ideas were kept mainly in 
mind. Firstly, although the method is a micro one and cannot begin 
to reproduce the conditions resulting from bulk handling in commercial 
processing, every attempt has been made to simulate commercial 
techniques at all stages in the processing. Secondly, the apparatus 
has been largely built in the laboratory workshop to keep expense at a 
minimum. 

A thorough investigation has been made of all the essential stages 
of the micro processing to arrive at the method outlined, and some of 
the more important factors are discussed in the following paragraphs. 

Cunningham and Anderson (1943) proposed working with a fixed 
absorption of 30% in processing discs, and this routine has also been 
adopted in the macro macaroni technique. It has been found, how¬ 
ever, that a higher absorption is necessary for the micro method. 
With a single strand of macaroni, the effect of the fairly dry atmosphere 
(35% R.H.) of the laboratory is much more pronounced than when 
working with many strands. Moreover, when extruded through a 
heated die, the strand tends to crack readily when processed at 30% 
owing to the rapid surface drying. The optimum absorption for the 
micro method appears to be 31%, which produces a strand that is easy 
to handle and does not stretch if the room humidity is not above 45%. 
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It should be added, perhaps, that it might be better to work at a room 
humidity of 65% if this can be maintained, when a slightly lower ab¬ 
sorption would be possible. ^ 

A fixed absorption is used for the micro lest, primarily because 
material must be conserved. If adequate material is available it is 
undoubtedly better to work with more than one absorption level. This 
will show the tolerance of the samples to variations in absorption, and 
may indicate the level at which individual samples produce the best 
color. 

The decision to rest the dough under pressure was influenced by 
two factors. The first of these is that this is actually done in the com¬ 
mercial process; the second is that, without this step, maximum effi¬ 
ciency cannot be obtained during the extrusion process. To obtain 
the best surface on tlie macaroni, the extrusion pressure should be 
fairly low. But to obtain a dough that requires comparatively little 
pressure for extrusion requires either an excessively long rest period, 
or a shorter rest period combined with pressure on the dough. The 
rest period was chosen first for convenience, as it fits in with the most 
efficient timing of the processing; and the optimum pressure for this 
time was then chosen with due regard to the limitations of the ap¬ 
paratus. 

The effect of pressure during resting seems to be twofold: it appears 
to make the dough more translucent and it decreases its viscosity. 
The pressure required to extrude the macaroni at a constant rate is a 
direct function of the viscosity of the dough. Assuming that the die 
itself is in good condition, the surface of the macaroni depends on the 
extrusion pressure; the lower the extrusion pressure, the better the 
surface of the macaroni. Three factors are inversely related to the 
extrusion pressure: absorption, rest pressure, and die temperature. 
The values of these factors are all fairly high in the method chosen, and 
all contribute to a low extrusion pressure and thus improve the surface 
of the macaroni. The lower limit which can be placed on the extru¬ 
sion pressure is that at which the dough ceases to weld properly after 
being forced through the three sections of the die. 

It is desirable in testing a new method to compare its results directly 
with those obtained by commercial processing. It has not yet been 
possible to compare the maceironi made by the micro method with 
commercially made macaroni since the commercial method requires 
so much material that a special series of samples must be grown. 
Accordingly, it has been necessary to adopt as a standard of compari¬ 
son the macro method, described by Binnington and Geddes (1936), 
which has been used in this laboratory. Nine varieties of durum 
wheats grown in Western Canada in 1945 were available for this study. 
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VARIETY 

Fig. 7. Comi)arison of micro and macro methods ahoviang reflected light 
scores for nmc varieties of durum wheat. 

is much closer for the former than for the latter. In the micro method 
it is possible to control and vary all the conditions in the processing: 
absorption; mixing time and temperature; kneading time and type of 
kneading; rest time and pressure; extrusion time, pressure, and tem¬ 
perature; die temperature; and rate of drying. All these factors are 
directly under the control of the operator and all can be held within 
very close limits. The small size of the drying cabinet also aids in 
providing more uniform conditions for all samples. A series of 32 
samples of macaroni, made from the same semolina and processed in 
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one batch under identical conditions, had a standard error in pigment 
content of only =b.09 p.p.m. The surface of the micro macaroni is 
very similar to that of the commercial product, except that the former 
contains more air bubbles. This difference has been found with all 
small-scale tests so far reported and seems to be inherent in the neces¬ 
sity for shorter mixing times and subsequent more intimate and violent 
working of the dough. 

The time required per sample in the micro method is less than half 
that required by the macro method and thus twice the number of 
samples can be processed in a given time. This facilitates the use of 
factorial type experiments and permits study of interactions between 
the various processing factors. A more thorough investigation, than 
has previously been possible in the laboratory, can now be made of the 
effects of the various processing conditions on macaroni quality. 

Summary 

Apparatus and method are described for making macaroni from 
50-g samples of semolina. The dough is mixed at 31% absorption in a 
small motor-driven mixer with a U-shaped trough and horizontal 
spindle carrying four blades. It is then kneaded by passing it 10 
times through a pair of rolls; the lower roll is free running and smooth, 
and the upper is motor-driven and corrugated with large blunt teeth. 
The dough is then placed in a small cylinder, with screw cap, and 
rested for 9 minutes under pressure in a Carver laboratory press. 
The cap is replaced by a single-holed die, maintained at 105®F by a 
heating plate, and the macaroni is extruded in the press at a rate of 
36 inches per minute. Four 3()-inch strands of macaroni are obtained 
and, after hardening in the room, they are dried for 48 hours in a small 
drying cabinet at 90°F with a controlled humidity gradient falling 
from 95% to 65%. 

Data arc presented which show excellent agreement between the 
new micro method and the macro method used in this laboratory. 
The reproducibility of the micro method is better than that of the 
macro method, and the quality of the macaroni from the former is 
equal to that of the latter method. 

The apparatus was constructed in the laboratory workshop. It 
is compact and requires only about 7§ feet of bench space. 

Literature Cited 

Binnington, D. S., and Geddes, W. F. 

1934 Experimental drying equipment for alimentary pastes. Can. J. Re¬ 
search 10: 221-233. 

1936 Experimental durum milling and macaroni making technique. Cereal 
Chem. 13: 497-521. 



Nov.. 1946 V. G. MARTIN, G. N. IRVINE, AND J. ANSEL ANDERSON 579 


Cunningham, R. L., and Anderson, J. A. 

1943 Micro tests of alimentary pastes. I. Apparatus and method. Cereal 
Chcm. 20: 171-185. 

Fificld, C. C., Smith, G. S., and Hayes, J. F. 

1937 Quality in durum wheats and a method for testing small samples. Cereal 
Choin. 14: 661-673. 

Smith, G. S., Harris, R. H., Jesperson, E., and Sibbitt, L. D. 

1946 The cfTcct of pressure on macaroni discs: Size and number of air bubbles in 
relation to light transmission. Cereal Chem. 23: 471-483. 


EFFECT OF GASSING RATE ON LOAF VOLUME ^ 

H. Miller, J. Edgar, and A. G. O. Whiteside 
Cereal Division, Central Experimental Farm, Ottawa, Canada 

(Received tor publication May 23, 1946J 

The effect of gassing rale in the production -of a well-risen loaf 
has been recognized since the earliest days of cereal science. Although 
Bailey (1916) put forward the gas production-retention theory, little 
was published on the subject by other workers for a number of years. 
Blish and Sandstedt (1927) concluded that fermentation tolerance was 
associated with tlie gas production factor. Jorgensen (1931) criticized 
the A.A.C.C. basic baking formula on the grounds of insufficient gassing 
power. In the period that followed, numerous workers investigated 
different aspects of gas production. In reporting their findings, most 
of the pertinent literature has been cited by such workers as Larmour 
and Bergsteinsson (1936); Eva, Geddes, and Frisell (1937); Sandstedt 
and Blish (1939); Eisenberg (1941); and Landis and Frey (1943). 

Larmour and Brockington (1934) found that loaf volume is closely 
related to gas production in the proofing period; studies of gas rate 
curves and loaf volume showed that various estimations of baking 
strength would be obtained unless limiting conditions of fermentable 
sugar during the proofing period are eliminated, particularly with high 
protein experimentally milled flours. 

The present paper deals with the gassing properties of experiment¬ 
ally milled flours of Canadian hard red spring wheat. The studies 
were undertaken to obtain a more intimate knowledge of the effects 
of supplementation with sucrose and diastatic malt. 

Comparison of Inherent and Supplemented Gassing Rates 

The gas production data were obtained with the automatic gas- 
recording apparatus described by the authors (1943). For the in¬ 
herent gassing rates of the flour, the formula used was as follows: 


1 Contribution 138 of the Ccieal Divihiem, Dominion Experimental Farm, Ottawa, Canada. 
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Crams % 


Flour. 20.0 lOO.O 

Yeast (bakers’ wet compressed).6 3.0 

Salt.24 1.2 

Water.11.0 55.0 


The doughs were fermented for a 6-hour period in the gas-recording 
apparatus. The "inherent” gassing rate is the average of the three 
highest successive 10-minute periods of gas production. These peak 
rates represent the maximum gassing rates attained during the fer¬ 
mentation periods investigated. 



Fig. 1. Maximum “inherent” and “supplemented” gas production of 67 experimentally milled 
flour doughs. The “inherent” rates represent the mean peak gas production rates and the times at 
which they occur with doughs containing no added sugar or malt. The “supplemented'' rates represent 
the mean gas production rates during the last 30 minutes of the pan proof period for corresponding 
doughs supplemented with 3.2% sucrose and 0.24% diastatic malt C250*’L). Tlie numbv of samples 
reaching the various rates Is indicated. 


The "supplemented" gassing data were obtained from the gas rates 
for 20 g flour doughs of the same formula as above plus a uniform 
supplement of 3.2% sugar and 0.24% diastatic malt (250®L). These 
“supplemented” doughs were fermented first in the fermentation 
cabinet according to the A.A.C.C. schedule {Cereal Laboratory Methods, 
4th ed., 1941) and then placed in the gas-recording apparatus during 
the last 30 minutes of the pan proof period. The “supplemented" 
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gassing figure is the mean of the three 10-minute periods of this 30- 
minute period. 

^'Inherent'" and “supplemented” gassing values were obtained on 
67 experimentally milled Canadian hard red spring wheat flours. 
These values are plotted in Figure 1. The data for “inherent” peak 
rates show wide variations not only in gassing rates but in the time 
at which the peak rates were produced. The “supplemented” gassing 
rates for the doughs at 210-240 minutes or the latter half of the final 
proof period show that the rates were higher for the “supplemented” 
doughs than for the “basic” doughs but that the amount of gas pro¬ 
duced at oven time is not rendered uniform by the fixed addition of 
sucrose and malt. Individual increases in gassing rate varied from 
l.S to 8.5 ml. It is interesting to note that over two-thirds of the 
corrected values lie between 12 and 13.5 ml. However, it is demon¬ 
strated that flours vary unequally in their gas response to the fixed 
supplement and that the “supplemented” rates vary over as wide a 
range as do the “inherent” rates. Furthermore, it was found that the 
degree of increase in the “supplemented” rate is independent of the 
“inherent” rale. 


Gas Production and Loaf Volume 

The effect of gas production on loaf volume was investigated for a 
composite experimentally milled straight grade flour from Canadian 
hard red spring wheat. Four malt^Sjicrose-supplements and five 
fermentation time schedules were emplbyed. Gassing rates and loaf 
volumes were determined for each combination in triplicate on three 
different days. A 700 g flour dough was made up each day using the 
following formula. 


Flour. 

Yeast (bakers* compresscfl) 

Salt. 

KBrO,.. 

NH4HjP04. 

Water. 

Malt-sucrose solution. 



The malt-sucrose solution was made up to contain 40 g sucrose and 
3 g malt syrup (2S0®L) in 100 ml. The malt-sucrose solution additions 
employed were 1, 3, 5, and 8 ml per 100 g flour and corresponded to 
0.4% sucrose +0.03% malt, 1.2% sucrose +0.09% malt, 2.0% 
sucrose +0.15% malt, and 3.2% sucrose +0.24% malt. The five 
fermentation times employed were 185, 205, 225, 245, and 265 minutes. 
The doughs were fermented for 105 minutes, punched and divided into 
five 100 g flour doughs for baking tests and ten 20 g flour doughs for 
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gas production measurements. The doughs were panned at 130, ISO, 
170, 190, and 210 minutes, giving a total range in fermentation time of 
80 minutes. The punching, panning, and baking schedules arc shown 
below. 


Total fermentation 



Miniite*^ 



185 

205 

225 

245 

265 

First punch 

105 

105 

105 

105 

105 

Second punch 

— 

125 

145 

165 

185 

Panning 

130 

150 

170 

190 


Gassing tests begun 

155 

175 

195 

215 

235 

Into oven 

185 

205 

225 

245 

265 

Out of oven 

210 

230 

250 

270 




Fig. 2. Response in gassing rates to the addition of different amounts of sucrose and malt (250®L) 
at varying fermentation tunes in eicperiinentally milled wheat flour doughs. 
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In Fij>ure 2 the gassing rates for each malt-sucrose addition are 
plotted against fermentation time. At 185 minutes all four malt-su¬ 
crose supplements gave similar gassing rates ranging between 13 and 
15 ml per 10-niinute period for 20 g flour doughs. The 1 ml malt- 
sucrose solution addition showed a marked falling ofT in gas production 
as the fermentation time was extended. The 3 ml malt-sucrose solu¬ 
tion doughs began to decrease at 245 minutes of fermentation and this 
was more pronounced at 265 minutes. The doughs containing 5 ml 
and 8 ml malt-sucrose solution remained high in gassing rate over all 
periods of fermentation time, but it is interesting to note that the for¬ 
mer gave higher gassing rates than the latter at all fermentation times. 

The relationship between gassing rate and loaf volume is shown in 
Figure 3. l^ow loaf volumes occurred when gas production rates were 



Fig. I iiifltuMU'p <)1 gassini^ rale on l<iat volume lu e'^peiimentallv milled wheal fltiiir doughs 
(oiitaimng diheient amounts of sutiose and malt f2S0®L). 


low, but Ihoy tcndwl to level out as gas production reachw! a rate of 
12 ml per lO-niiuute period (20 g flour dough). 

Plotting loaf volume against fermentation time, it will be seen in 
Figure 4 that all malt-sucrose supplementations gave similar loaf 
volum<'s at 185 minutes and only the 1 ml malt-sucrose addition showed 
any marked falling off as fermentation time was extended. The 8 ml 
malt-sucrosc solution maintained loaf volume rather better than the 
3 ml and 5 ml supplements over the whole range of fermentation times. 
Since the loaf volume remained constant at all five fermentation periods 
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the gassing rate obtained with the 8 ml addition would appear to be 
the most satisfactory for eliminating gas production as a factor 
influencing loaf volume. For this particular flour an equally satis¬ 
factory result was obtained by using a fermentation period of 185 
minutes as with extended fermentation time. The most important 
factor was the amount of gas being produced in the latter part of the 
pan proof period. 



Fig. 4 1 he lafliience ot fermentation time on loaf illume of experimentally milled wheat flour doughs 

containing different amounts ol sucrose and malt (250®L) 

Summary 

‘‘Inherent” gas production rates were determined on 67 experi¬ 
mentally milled Canadian hard red spring wheat flours. Thc^ gas 
production for these flours showed wide variations not only in peak 
rates but in the times at which these peaks occurred. The addition of 
sucrose and diaslatic malt to the doughs increased the gassing rates 
as fermentation was extended to the pan proof period, but the degree 
of response was independent of the "inherent” rates. 

The relationship of gas production and loaf volume was investigated 
on a composite experimentally milled flour using four different malt- 
sucrose supplements and five different fermentation times. Small 
additions of sucrose and diastatic malt gave high loaf volumes with 
short fermentation times, but larger additions gave uniform loaf 
volumes over a fermentation period extending from 18S minutes to 
265 minutes. The maintenance of adequate gas production in the 
pan proof period resulted in high loaf volumes. 
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ANALYSIS OF DATA FOR AJk.C.C. CHECK SAMPLE SERVICE, 
n* PROTEIN AND THIAMINE RESULTS, 1944-45 ^ 

W. O. S. Meredith 

Grain Research Laboratory, Board of Grain Commissioners 
for Canada, Winnipeg, Manitoba 

(Received for publication June 27, 1946) 

In summarizing the data obtained in the National Check Sample 
Service during 1944-45, similar methods were used to those reported 
by Meredith (1945) and the reader is referred to that paper for details. 

Protein 

A list of the samples submitted for analysis, together with the mean 
protein contents, follows: 


Sample Mean protein, % 

1. Soft wheat flour. 8.18 

2. Fine ground whole wheat flour. 14.42 

3. Low protein family flour. 10.67 

4. Hard wheat enriched flour.10.70 

5. Low grade Red Dog flour.. 13.06 

6. Soft wheat cake flour, enriched. 7.02 

Mean. 10.69 


1 Published aa x>aper No. 87 of the Grain Research Laboratorj'. 
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Differences between Laboratory Means over Six Samples, In order 
that collaborators may know how the means for their own laboratories 
compare with the general mean over all laboratories, which is 10.69%, 
differences between means for each laboratory and the general mean 
have been listed in Table I. The laboratories have been listed in 

TABLE I 

Differences between Laboratory Mean for Protein Contents of 
Six Samples and General Mean for All Laboratories 
(Laboratories are identified by the first number in each column) 


Range of difference from general mean 


-.25 

-.16 to -.07 

-.06 to -.04 

-.03 to +.02 

! +.04 to +.06 

+.07 to +.15 

+.25 to +.37 

Lab. 

Vo. % 

129 -.25 

1 

Lab. 

No % 

79 -.16 
no -.15 

13 -.13 

85 -.13 
104 -.13 
123 -.09 
125 -.09 

35 -.08 
49 -.08 

86 -.08 
24 -.08 

103 -.07 

1 -.07 
13 -.07 
29 -.07 
53 -.07 

Lab. 

No. % 

20 -.06 
63 -.06 
94 -.05 
127 -.05 
17 -.05 
19 -.05 
32 -.04 

75 -.04 

6 -.04 

76 -.04 
120 -.04 

Lab. 

No. % 

83 -.03 
100 -.03 

42 -.03 
74 -.03 
33 -.03 
39 -.02 

105 -.02 

107 -.02 
22 -.02 

43 -.02 
92 -.02 

3 -.01 

47 -.01 

108 -.01 
124 -.01 

58 0.00 

5 0.00 

54 0.00 

118 0.00 
128 0.00 
45 0.00 

98 0.00 

48 4-.01 
81 +.02 

Lab. 

No. % 

27 +.04 
12 +.04 
70 +.05 
82 +.06 
16 +.06 

i 

Lab. 

No. % 

87 +.07 
51 +.07 
68 +.09 
72 +.09 
28 +.10 
64 +.11 
89 +.11 
56 +.12 
78 +.14 
93 +.15 

Lab. 

No. % 

18 +.25 
73 +.26 
97 +.37 


order of decreasing negative differences by columns to the lower part 
of column 4, where the difference is zero, and thereafter in order of 
increasing positive difference. 

The 24 laboratories in the center column are those having means 
within dh0.03 of the general mean, which is beyond criticism. In the 
adjacent columns (3 and 5) are the additional 16 laboratories with 
means within db0,06% of the general mean, which is good. 

The remaining columns require further consideration- The first 
and last columns contain four laboratories with means differing by 
dbO.16% or more from the general mean. These are classed as un¬ 
satisfactory because statistical analyses show that a difference of 
d=0.16% from the general mean is significant at the 5% level. Subse- 
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quent examination of the data showed that the standard error of a 
single sample (0.19%) was abnormally high and that the “normal” 
necessary difference was 0.07%. On this latter basis, the 26 labora¬ 
tories in the second and second-last columns, which report differences 
from ±0.07 to ±0.16%, must bo classified as questionable. 

Accordingly, of the 70 laboratories, 40 reported mean values over 
the six samples that are satisfactory, 26 reported results that are of 
questionable accuracy, and the remaining four reported results that 
are classified as definitely erroneous. The corresponding figures for 
the 1943-44 Check Test Scries were 38 satisfactory, 18 questionable, 
and 12 definitely erroneous, out of 68 laboratories. 

Differences between Laboratory Means for Single Samples. An 
examination of the laboratory means for each individual sam ple 
showed standard errors for the six samples of 0.13, 0.27, 0.28, 0.10, 
0.20, and 0.14%. Detailed examination showed that the distributions 
of values for all samples except No. 4 were abnormal, and, after elimi¬ 
nating the 11 values causing the abnormality, the adjusted standard 
deviations for the samples dropped to 0.09, 0.15, 0.11, 0.10, 0.11, and 
0.12%. The pooled standard errcM- of a single determination for the 
six samples then becomes 0.11%. The corresponding figure obtained 
last year for five samples was 0.10%. 

TABLE II 

Stand VRD Error of Each Laboratory of Difference between 
Laboratory Mean and General Mean 
(Laboratories are identified by first number in each column) 


Range of standard errors of difierences 


0 82 to 0.13 

0.12 to 0.10 

0 09 to 0.07 

0 06 to 0 01 

Lab, No, 

% 

Lab, No, 

% 

i Lab, No. 

% 

Lab. No. 

% 

97 

.82 

51 

.12 

123 

.09 

125 

.06 

no 

.62 

39 

.12 

86 

.09 

3 

.06 

78 

.53 

76 

.12 

107 

.09 

127 

.06 

73 

.52 

124 

.12 

17 

.09 

22 

.06 

16 

.32 

42 

.12 

43 

.09 

98 

.06 

129 

.27 

48 

.12 

72 

.08 

104 

.06 

35 

.27 

89 

.12 

128 

.08 

19 

.05 

113 

.23 

87 

.11 

94 

.08 

103 

.05 

74 

.21 

33 

.11 

108 

.08 

1 B1 

.05 

28 

.18 

70 

.11 

32 

.08 

58 

.05 

63 

.17 

64 

.11 

6 

.07 

53 

.05 

18 

.15 

92 

.11 

13 

.07 

100 

.05 

24 

.15 

79 

.10 

12 

.07 

83 

.04 

85 

.15 

120 

.10 

27 

.07 

29 

.04 

75 

.14 

68 

.10 

45 

.07 

105 

.04 

54 

.13 

56 

.10 



1 

.04 

93 

.13 

5 

.10 



47 

.03 



82 

.10 



49 

.01 



20 

.10 







118 

.10 
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Variability within Laboratories, Differences between laboratory 
means over six samples do not give an account of the intralaboratory 
errors. Thus two laboratories might have mean differences of zero, 
yet one might have had +0.1 for three samples and —0.1 for the other 
three, while the other had differences of 0.0 for all six samples. The 
consistency of the laboratories can be compared by listing the standard 
errors of the mean difference from the general mean for each labora¬ 
tory, and these are given in decreasing order in Table II. The mean 
standard error within laboratories was 0.19% and the range was from 
0.01 to 0.82%. Statistical analyses showed that there were significant 
differences between the standard errors and that the 17 values listed 
in the first column of Table II can be considered abnormal. When 
these are removed, the mean standard error of the remainder is 0.09%, 
which is identical with the value obtained last year. 

Discussion, Comparison of the results obtained this year with 
those obtained last year suggests that there has been some slight im¬ 
provement in the data for protein content. 

Thiamine 

Only 19 laboratories reported thiamine results for all six samples. 
The differences between the general mean and the laboratory mean for 
each laboratory are given in Table III. Last year it was found that 
the mean values for the laboratories ranged from 2.39 to 3.74 mg/lb, 

TABLE III 

Comparisons among Laboratories for Mean Difference from General 
Mean and Standard Error of Difference for Thiamine 
Content in mg/lb of Six Samples of Flour 


Lab. 

Mean difference 
from general 
mean 

Standard 
eiror ol 
difference 

Lab. 

Mean difference 
from general 
mean 

Standard 
error of 
difference 


mllb 

me/lb 


nis/lb 

msflb 

24 

-0.251 

0.10 


+0.04 

0.08 

16 

-0,171 

0.15 

117 

+0.06 

0.10 

94 

-0.161 

0.13 

5 

+0.08 

0.20 

6 

-0.11 

0.11 

123 

+0.08 

0.39* 

89 

-0.11 

0.22 


+0.09 

O.IO 

63 

-0.09 

0.15 

13 

+0.121 

0.10 

92 

-0.06 

0.08 

51 

+0.121 

0.09 

22 

-0.06 

0.14 

20 

+0.241 

1 0.18 

125 


0.13 

78 

+0.241 

1 0.13 

113 

+0.01 

0.21 




General mean over all laboratories and samples. 2.19 mg/lb 

Original mean standard error of single sample.0.17 mg/lb 

Normal mean standard error of single sample after reduction 

from heterogeneous series. 0.14 mg/lb 


1 Significantly different from general mean. 

^ Significantly different from normal standard error. 
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a cliltereiKc of 1 35 ni^/lh. This year the laboratory means ranged 
from 1.94 to 2.43, a ditlerence of 0.49 mg/lb, which represents a sub¬ 
stantial iinproveinent. 

The standard error oi <i single sample was 0.52 mg/lb last year and 
0.17 mg/lb this year. With the removal of the results of the labora¬ 
tory which showed the greatest variability, the standard error was 
reduced to 0.14 mg/lb as compared to the corresponding figure of 0.30 
mg/lb last year. On the basis of a standard error of 0.14 mg/lb, the 
necessary diflerence from the mean is 0.12 mg/lb, and the seven labora¬ 
tories marked with footnote I in Table III may be considered to have 
given questionable mean values. The variability within laboratories 
was (examined and the* standard error of the laboratory’s mean differ¬ 
ence from the general mean was included in Table III. Only one 
laboratory (marked with an asterisk) was shown to give an abnormal 
standard error for the difference. This again compares favorably 
with last year when seven laboratories gave abnormal standard errors. 


TABLE IV 

Mi an, Sianuard Dlviaiion, and CoEincii-Nr of VARiABmirv 
i-oR Each Sampll ior Thiamine mg/lb 


Sample 

Mean 

thiamine 

Degrees of 
freedom 

Standard 

deviation 

Coefficient of 
variability 


7)1 g/lb 


mg/lb 

% 

1 

. 1.67 

18 

0.22 

13.2 

2 

2.05 

18 

0.21 

10.2 


2.07 

18 

0.15 

7.2 

4 

2.03 

18 

0.15 

7.4 

5 

3.07 

18 

0.24 

7.8 

6 

2.22 

18 

0.22 

9.9 

MtMll 

2.19 


0 20 



'Fhe stand<ird deviations within samples are shown in Table IV; 
these were found to be normal. In general, the coefficients of vari¬ 
ability for the six samples show considerably greater uniformity than 
was attained with the six samples studied in 1943-44. This also 
indicates improvement in the determination as a whole. 

Disetession. The improvement achieved during the past year in 
the thiamine determination should be extremely encouraging to all 
those who have worked on this determination. Its precision is not 
yet of the order of that achieved in such standard determinations as 
that of protein, but there is every reason to believe that a further im¬ 
provement will be shown next year, and in time the precision of the 
thiamine determination may well rank with that of other standard 
methods. 
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Summary 

Seventy laboratoricb anabzed all six of the 1944-45 A.A.C.C'. 
Check Samples for protein content, and dilTerenccs between laboratory 
means w'ore demonstrated. The original standard error of a single 
sample was 0.19% protein, and 94% of the laboratories agreed within 
dzO.16% of the general mean value of 10.69% protein for the six 
samples. The standard error was found to be abnormal and the 
normal standard error was 0.09% protein; 57% of the laboratories 
agreed within ±0.07% of the mean protein value. The variability 
within laboratories was also examined and 17 laboratories showed 
abnormally high variability. 

The data for the thiamine determination, which represent results 
from 19 laboratories, also showed differences between laboratory means. 
The original standard error of a single sample was 0.17 mg/lb thiamine 
and 72% of the laboratories agreed within 0.14 mg/lb of the general 
mean value of 2.19 mg/lb thiamine for the six samples. This standard 
error was abnormal and was reduced to 0.14 mg/lb by removal of the 
result for one laboratory that showed high variability; 63% of tlie 
laboratories agreed within 0.12 mg/lb of the mean thiamine value. 

The protein results show a slight improvement over those obtained 
in the previous year, and the thiamine results show a substantial im¬ 
provement over those for the previous year both in agreement be¬ 
tween laboratories and in intralaboratory variability. 
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MODIFICATION OF THE GAS PRODUCTION AND 
GAS RETENTION PROPERTIES OF DOUGH BY 
SOME SURFACE-ACTIVE, REDUCING, 

AND OXIDIZING AGENTS ^ 

Emery C. Swanson ^ and C. O. Swanson 

Kansas Slate College, Manhattan, Kansas 
(Received for publication May 7, 194d) 

The modification of wheat flour dough by chemical means is of 
importance, especially since wheat varieties are raised which are su- 
perior in agrono mic properties but whose flours make doughs of in- 

^ Contribution No. 131, Department of Milling Induatiy. 

> Present address: Intematfonal Milling Company, Minneapolis 1, Minnesota. 
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fcrior haiulling proporlioh. Swanson and Andrews (1942, 1944, 1945} 
studied the influence of surface-active and reducing agents on the be¬ 
havior of dough in mixing. They found that the surface-active agents 
increased the optimum mixing time and decreased the effects of over- 
mixing, whereas reducing agents had the opposite effect. Thus, 
Chiefkan flour was modified by these wetting agents to produce mixo- 
gram patterns similar to those obtained from Turkey or Tenmarq 
flours; and, likewise, reducing agents produced mixogram patterns 
from Tenmarq flour similar to those from Chiefkan flour. 

A review of the literature regarding the effect of oxidizing and 
reducing agents on wheat flour has been given in a paper by Shen and 
Geddes (1942). A supplemental review which brings the literature 
citations up through 1945 was made by Howe (1946). 

In addition to their effects on mixing characteristics, the influence 
of chemicals on gas production and gas retention is of importance in 
breadmaking. This paper reports experiments on the influence of 
surface-active, reducing, and oxidizing agents on gas production and 
gas retention. 

Materials and Methods 

The recording apparatus described by Working and Swanson 
(1946), which provides continuous gas production and gas retention 
data, was used. 

A commercial bakers* hard red winter wheat flour (11.9% protein, 
0.44% ash, and 11.4% moisture) and a **lean’* formula (flour, water, 
2.5% yeast) was used throughout. The only variations were in the 
kind and amount of chemical agent added. 

The surface-active agents used were Aerosol OT,® Santomerse S,'* 
and Tergitol penetrant 08.® The reducing agents used were cysteine 
hydrochloride, glutathione, and sodium sulfide, and tlie oxidizing 
agents, potassium iodate, potassium bromate, and hydrogen peroxide. 
Ten concentrations of each agent were employed, in addition to the 
controls. The range of concentrations varied in equal intervals from 
60 to 600 mg per 100 g of wheat flour for the surface-active agents, 
from 6 to 60 mg for the reducing agents, and from 3 to 30 mg for the 
oxidizing agents. These ranges were sufficiently wide to insure un¬ 
covering any effect that might result from the addition of these agents, 
and are similar to the concentrations used by Swanson and Andrews 
(1942, 1944, 1945) in their mixogram studies. 

A uniform mixing time of two minutes was used for each dough. 
This period was established as optimum for the flour without the 

» American Cyanamid & Chemical Corporation, New York, N. Y. 

* Monsanto Chemical Compaq, St. Louis, Missouri. 

• Union Carbide and Carbon Corx>oration, New York, N. Y. 
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addition of any of the chemical agents investigated. A uniform 
period would eliminate the influence of mixing lime and, consequently, 
not interfere with the dough development factor c‘xcept as the mixing 
requirements were modified by the agent used. A 10-g aliquot was 
used to determine gas production and another one for the determina¬ 
tion of gas retention. The ^>0 combinations, 9 chemicals and 10 con¬ 
centrations of each, were made in triplicate, along with 27 controls. 
The sequence of the combinations and control samples, during the 
course of the experiment, was by random selection. 

The gas production data have been reported as “initial rate of 
production" (ml/hour/170 g dough®) and “duration of the initial 
rate" (hours) and the gas retention data as the “maximum amount of 
gas retained" (ml/170 g dough) and the “time to reach the maximum" 
(hours). The initial rate of gas production is the average rate during 
which an adequate supply of fermentable sugar is present and is 
maintained until the supply becomes so small as to be the limiting 
factor in fermentation. This stage is shown by an abrupt decrease in 
the slope of the production curve. The time elapsing from the start 
of fermentation to the change in the slope is the “duration of the 
initial rate." Maximum gas retention occurs when the rate of pro¬ 
duction is equalled by the rate of escape from the dough. Prior to 
maximum retention the rate of production exceeds the rate of loss 
and the amount retained is increasing. After the point of maximum 
retention has been reached the rate of production has been surpassed 
by the rate of escape and the amount of gas retained is decreasing. 
Maximum retention is represented by the highest point on the reten¬ 
tion curve (Working and Swanson, 1946). The time elapsing from 
the start of fermentation to this point is the “time to maximum 
retention." 


Results 

For convenience in presenting and discussing the four phenomena 
studied, namely, initial rate of fermentation, duration of initial rate, 
maximum gas retention, and time to maximum retention, they will 
usually be referred to as “rate," “duration," “retention," and “time,” 
respectively. The mean data are shown graphically in Figures 1, 2, 
and 3. The significant correlations for tlie effects of the amount of 
the chemical agents on these four factors have been listed in Table J. 
Of 36 possible correlations, 13 were nonsignificant, 5 were significant, 
and 18 were highly significant. 

All but five of the 23 significant relationships indicated that the 
effects of the chemical agents were directly proportional to their con- 


* 170 g being tlie aveiage weight of an nnf^mented pup-size dough. 
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TABLE I 

Significant Corrllation Cor:FFiciENTS for the Effects of Chemical Agents 
ON (a) Initial Rate of Production, (b) Duration of Initial Rate, 

(f) Maximum Amount of Gas Retained, (d) Time to 
Reach the Maximum 



Correlation coefficients 

Chemical agents 

Production 

Retention 


Initial 

rate 

Duration of 
initial rate 

Maximum 

amount 

Time to 
maximum 

Aerosol OT 

Santomerse S 

Tergitol pen. 08 

-0.736 

-0.892 

-0.862 

-1-0.612 

-0.959 

-0.892 

-0.9051 

+0.822 

Cysteine hydrochloride 
Glutathione 
^dium sulfide 

-0.843 

+0.640> 

-0.859 

-0.9501 

-0.838 

-0.791 

-0.830‘ 

-0.853 

-0.835 

Potassium iodale 
Potassium bromate 
Hydrogen peroxide 

-0.692 

-1-0.624 

+0.707 

+0.8601 

-0.908 

+0.929 


Noth: 0.602 » r* at 5% level 
0.73S « r 1% level. 

»Curviliuear correlation requiring: 

0.632 at 5% level 
0.765 at 1% level. 

centration. Of the five, cysteine produced a maximum effect on time 
and bromate a maximum effect on retention; Aerosol caused an ac¬ 
celerated decreasing effect on time and cysteine on retention beyond 
a certain concentration; glutathione caused an accelerated increasing 
effect on duration. 

Figure 1 shows the effects of the surface-active agents, Aerosol, 
Santomcrsc, and Tcrgitol, on gas production (rate and duration), 
retention, and retention time. Aerosol markedly lowered the rate 
and, from the graph, seemed to have a decreasing influence on dura¬ 
tion which was, however, not substantiated by regression analysis. 
Retention was lowered but time was not decreased until the concen¬ 
tration exceeded 0.3 g Aerosol per 100 g flour. Santomerse had no 
influence on production rate or retention time, but markedly decreased 
duration of the rate and maximum retention. Tergitol decreased the 
rate, increased duration and time, but was without influence on 
retention. 

The effects of the reducing agents are shown in Figure 2. Cysteine 
had no effect on gas production but it decreased gas retention. Cys¬ 
teine exhibited an optimum concentration in affecting retention time, 
although the increase on retention time at the lower concentrations 
was not as marked as the decrease at the higher concentrations. 
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AEROSOL OT SANTOMERSE S TERGITOL PEN.08 




Flff. 1. Effect of surface-active agents on gas production and gas retention. Initial rate is given 
in millUiters per hour per 170 g dough, maximum retention in milliliters per 170 g dough, and duration 
of rate and time to maximum retention in hours. Regression lines are shown for all significant re¬ 
lationships. 


Glutathione decreased the rate, retention, and time; but increased 
the duration of gas production rate when the concentration was 
sufficiently great. Sodium sulfide had no influence on production 
rate, but decreased the duration. This reagent caused a slight de¬ 
crease in maximum retention and parkedly decreased retention time. 

The effects of the oxidizing agents are shown in Figure 3. Po¬ 
tassium iodate was entirely without influence on gas production and 
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gas retention. Potassium bromate, according to the regression equa¬ 
tion, had a depressing action on production rate but the positions of the 
points indicate some doubt. The duration was increased slightly by 
bromate and an optimum maximum retention was attained with about 
IS mg per 100 g flour; the time to maximum retention was also in¬ 
creased as the dosage of bromate was increased. Hydrogen peroxide 
apparently increased the rate of production, but had no influence on 


ma^STEINE HCI __6LUTATHI0NE sodium sulphide 



Fig. 2. Effect of reducing agents on g^s production and gas retention. Initial rate is given In 
milliliters per hour per 170 g dou^, maximum retention in milliliters x>er 170 g dough, and duration of 
rate and time to maximum retention in hours. Regression lines are shown for all significant rda- 
tion8hii>8. 
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GRAMS PER 100 GRAMS FLOUR 

Fig. 3. Eifect of oxidizing agents on gas production and gas retention. Initial rate is given in 
tnulUiters per hour per 170 g dough, maximum retention in millilitcrb per 170 g dough, and duration of 
rate and time to maximum retention in hours. Regression lines are shown for all significant rela¬ 
tionships. 

duration. It decreased retention but had no effect on the time to 
maximum retention. 

Discussion 

Although the results reported in this paper are preliminary, some 
general observations on the action of the agents used on gas production 
and gas retention may be made. 
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Gai> Production, 'Pwo factors arc predominant in gas production, 
namely, enzymic action and starch susceptibility. The enzymic ac¬ 
tivities are divisible into two groups, those which hydrolyze starch 
to sugar and those which ferment sugar. A decrease in the initial 
rate of gas production would indicate an inhibiting effect on yeast 
growth and/or the fermentation enzymes inasmuch as adequate sugar 
was apparently present. An increase in rate, conversely, would indi¬ 
cate an accelerating effect. Of the surface-active agents, Aerosol and 
Tergitol had an inhibiting effect on rate but Santomerse was without 
effect. Of the reducing agents, glutathione was the only one which 
inhibited the rate of production of gas; cysteine and sodium sulfide 
wore inactive. Of the oxidizing agents, the bromate was depressing 
and the peroxide accelerating, but the iodate was inactive. 

A change in the duration of the initial rate of fermentation could 
result from cither, or both, of two actions: an inhibiting action on the 
starch hydrolyzing enzyme system and/or a change in the starch 
susceptibility. Aerosol did not have any significant effect on duration, 
but Santomerse decreased it and Tergitol caused an increase. Of the 
reducing agents, cysteine had no effect on duration, sodium sulfide 
shortened it markedly, and beyond the medium concentration used, 
glutathione increased the duration. Of the oxidizing agents, bromate 
lengthened the duration, but iodate and peroxide were without effect. 

Gas Retention. Gas retention differs from gas production in that 
an adequate dough structure is requisite for gas retention, but not for 
gas production. Amount of mixing has a marked influence on such a 
structure (Swanson and Swanson, 1946), but all doughs were given the 
same mixing treatment in this study in an attempt to determine the 
effects of chemical agents without the interference of the mechanical 
dough-development factor. 

Chemicals that influence gas retention are effective, primarily, 
through their capacity to alter the physical structure of the dough. 
In addition, the rate of gas production influences gas retention; an 
increase in the rate of production increases the amount of gas retained 
owing to the greater rate of escape necessary before the loss balances 
production. Hence, a chemical which increases or decreases the rate 
of production would increase or decrease the maximum gas retention. 

A part of the decrease in gas retention from Aerosol was due to the 
decrease in rate of production. However, the decrease in rate cannot 
account for all the loss in retention. If all the loss in retention were 
attributable to decreased rate, fermentation would have to continue 
for about IS hours, with the maximum retention coming at that time 
(20 ml/hour rate decrease; 300 ml retention decrease), but no fermenta¬ 
tion period was continued for more than 8 hours, and the time to 
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mavimum retention in no case exceeded 3| hours. This indicates that 
Aerosol had an appreciable detrimental effect on the dough structure, 
with respect to the gas-retaining capacity. A similar effect is attribu¬ 
table to Santomer&e; the decrease in gas retention was not quite as 
great although Santomerse was without influence on the rate of pro¬ 
duction. Therefore, the detrimental effect of Santomerse apparently 
was about the same as that of Aerosol. The gas-retaining ability of 
dough was seemingly not affected by Tergitol. However, since a 
marked decrease in the production rate occurred without any concur¬ 
rent decrease in gas retention, it is logical to assume that were the 
production rate maintained constant, Tergitol would show an increase 
in maximum gas retention. 

Most of the detrimental effect of glutathione on gas retention 
can be accounted for by its depressing action upon the rate of gas 
production. Since cysteine and sodium sulfide had no influence on 
gas production rate, their effect on gas retention must be interpreted 
as due largely to some harmful alteration in dough structure. 

Of the oxidizing agents, bromate appears to exhibit an optimum 
concentration in relation to maximum gas retention. Bromate im¬ 
proved gas retention to a marked extent and when compensation for 
the seeming reduction in production rate is made, the bromate curve 
indicating increased retention becomes even more significant. The 
detrimental effect of hydrogen peroxide on maximum retention was 
actually more marked than it appears from the graph, since hydrogen 
peroxide apparently increased the rate of gas production. 

Interrelations of Gas Production and Gas Retention, The time to 
maximum retention is dependent upon both the rate of gas production 
and the dough structure. Tergitol and potassium bromate had no 
effect on dough structure, as measured by the gas-retaining capacity 
of the dough, yet they caused an increase in the time to maximum 
retention. Aerosol seemed to affect the time factor through both the 
initial rate of gas production and the retention effects; however, no 
decrease in time to maximum retention occurred unless the concentra¬ 
tion of Aerosol exceeded the medium amount used. On this basis it 
seems probable that Aerosol would increase retention time up to a 
certain concentration, if production rate and maximum retention were 
maintained constant. Santomerse appeared to have no influence on 
the time to maximum retention in spite of a definite harmful influence 
upon dough structure, as indicated by a decrease in maximum re¬ 
tention. 

With cysteine, an optimum concentration for the time to maximum 
retention was noted. The decreasing effect of cysteine on time as the 
concentration was increased beyond the optimum was abetted by its 
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harmful effect on dough structure, as measured by maximum reten¬ 
tion. The decrease in gas retention due to glutathione was apparently 
(Mused by both a decrease in the rate of gas production and by an 
unfavorable effect on dough structure. Sodium sulfide reduced gas 
retention principally by its harmful action on dough structure. 

Of the oxidizing agents, iodate and peroxide had no effect upon 
retention time, but bromate markedly increased the time, in spite of 
causing a decrease in rate of gas production. The evidence indicates 
that bromate has an appreciable influence in the improvement of the 
dough structure for gas-retaining ^rposes. 

Summary 

A commercial bakers^ hard red \s/inter wheat flour and a flour- 
water-yeast formula were* used to study the effects of surface-active, 
reducing, and oxidizing agents on gas production and gas retention. 
The surface-active agents were Aerosol OT, Santomerse S, and 
Tergitol penetrant 08; the reducing agents were cysteine, glutathione, 
and sodium sulfide; and the oxidizing agents were potassium iodate, 
potassium bromate, and hydrogen peroxide. 

These preliminary studies have shown variable effects of the agents 
used on both gas production and retention. The initial rate of gas 
production was decreased by Aerosol, Tergitol, glutathione, and ap¬ 
parently bromate; and increased by peroxide. The duration of the 
initial rate was decreased by Santomerse and sodium sulfide, and 
increased by Tergitol, bromate, and glutathione (beyond a certain 
concentration). The maximum gas-retaining capacity of dough was 
decreased by Aerosol, Santomerse, cysteine, glutathione, sodium sul¬ 
fide, and hydrogen peroxide, but was increased by bromate (up to a 
certain concentration). The time elapsing from the start of fermenta¬ 
tion until maximum gas retention was reached was decreased by 
Aerosol (beyond medium concentration), glutathione, and sodium 
sulfide; and increased by Tergitol and bromate. Cysteine increased 
the time factor up to medium concentration, but beyond that it 
caused a decrease. 
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DETERMINATION OF UREA AND AMMONIACAL 
NITROGEN IN FEEDS 

Margaret Sciimole and Frederick D. Schmalz 

Russell-Miller Milling Company, Control Laboratory, Minneapolis, Minncsot«i 
^Reopivod for publication March 29, 1946) 

Because of the shortage of all types of protein roncenlratcs during 
the past few years, urea has been used to a greater extent than ever 
before in dairy and sheep commercial mixed feeds. Upon the recom¬ 
mendation of the Association of American Feed Control Officials, the 
use of urea and certain ammonium salts has been limited to not more 
than one-third of the total crude protein nitrogen in feeds for ruminants. 

Under the direction of the Associate Referee, W. B. Griem, the 
Association of Official Agricultural Chemists has published several 
reports on a method for the determination of urea and nitrogen salts 
in feeds (Griem, 1941, 1941a, 1942, 1942a, 1944). A recommendation 
(Griem, 1944) was made that the method as revised (1942) be made 
official (final action). 

In our hands some difficulty was encountered in using this method 
in routine analyses of urea-containing feeds, particularly those con¬ 
centrates that had relatively high amounts of urea. Excessive foaming 
was obtained in the distillation and an unsatisfactory fleeting end point 
was experienced in the titration. Therefore, certain minor modifica¬ 
tions in the method were introduced which make the procedure more 
reliable. These modifications are essentially the use of sodium hy¬ 
droxide, a larger amount of calcium chloride, and the introduction 
of material to prevent foaming and bumping. Glass beads and a 
small quantity of finely ground mill feed (shorts) served the purpose 
better than anything else that was tried. The mill feed used for this 
purpose should, of course, contain no added urea or ammonium salts. 
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Determination 


Reagents: 

Calcium chloride: 25% solution 
Sodium hydroxide: 10% solution 

Urease tablets: 25 mg (a product of Hynson, Wescott, and Dunning, 
Inc.) 

Buffer solution: 41.0 g of sodium acetate and 30.0 g glacial acetic 
acid per liter 

Standard acid: Normality as used in the Kjeldahl nitrogen de¬ 
termination 

Standard alkali: Normality same as standard acid 
Indicator: Sodium alizarin sulfonate or methyl red 
Paraffin 
Cflass beads 

Finely ground mill feed (shorts). 


Procedure: 

Weigh a 10.0 g sample of the urea-containing feed, place in a 500 ml 
volumetric flask, and make up to volume. Allow the suspension to 
settle after shaking and pipette 20 ml of the supernatant liquid into an 
800 ml Kjeldahl flask. Add buffer in amounts corresponding to the 
following levels of urea: 1 to 5% urea—1.2 ml buffer solution; 6 to 10% 
urea—2.4 ml buffer solution; 11 to 15% urea—3.6 ml buffer solution. 
Grind two urease tablets in a glass mortar and wash into the flask 
with not more than 100 ml of water. Agitate gently, taking care not 
to get the solution up along the sides of the flask. Stopper the flask 
and allow to digest for two hours at 40*^0. 

Aft<T the digestion add approximately 10 glass beads, a piece of 
paraffin (0.5 to 1 g) and about 0.5 g of finely ground mill feed to the 
sample in the digestion flask. I'hen add 10 ml of 25% calcium chloride 
solution and 10 nil of 10% sodium hydroxide solution. Add sufficient 
water to make a total volume not to exceed 350 ml and distill 200 ml 
into 20 ml of standard acid. Back titrate with standard alkali. 

A blank determination should be made using 20 ml of distilled 
water in place of the 20 ml aliquot of sample. One ml of 0.1 iV acid is 
equivalent to 0.0030 g of urea. 

Samples of both feeds and solutions containing urea in amounts 
normally added to feeds were tested. Checks were in close agreement, 
and the percent of error was comparable to that experienced in regular 
protein determinations of feeds. 
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BOOK REVIEWS 

Physical Methods of Organic Chemistry. II. Edited by Arnold Weissl )crger, East nun 

Kodak Company. Interscience Publishers, Inc., New York, N. Y. 1946. 

631 pp., 15 X 23 cm. Price $8.50. 

This second volume of the two-volume series on the subject maintains the 
excellence of subject matter treatment and of workmanship which has been noted 
in a review of the first volume {Cereal Chemistry 23: 114, 1946). Pages are numbered 
consecutively in the two volumes and a subject index (52 pp.) covering both volumes 
concludes the second volume. 

Methods applicable to 10 additional types of physical measurements are treated 
in this volume. The subject matter, authors, and number of pages devoted to the 
discussion of each subject arc as follows: XVII. Spectroscopy and Spectrophotometry 
—^W. West (86 pp.), XVIII. Colorimetry, Photometric Analysis, and Fluorimetry 
~W. West (46 pp.). XIX. Polarimetry —W. Heller (120 pp.). XX. Determina¬ 
tion of Dipole Moments—C. P. Smyth (22 pp.). XXi. Conductometry—T. 
Shedlovsky (40 pp.). XXII. Potentiometry—L. Michaclis (64 pp.). XXIII. 
Polarograph^’—0. H. Muller (98 pp.). XXIV. Determination of Magnetic Sus¬ 
ceptibility—L. Michaelis (36 pp.). XXV. Determination of Radioactivity—^W. F. 
Bale and J. F. Bonner, Jr. (42 pp.), XXVI. Mass Spectrometry—D. W. Stewart 
(24 pp.). 

The detailed and critical discussions contained in these volumes of the many 
types of physical measurements already in common use in the chemical laboratory^ 
<ain lead to a more accurate utilization of these methods. Perhaps an even more 
important function of these volumes will result from the description found therein of 
several equally important but as yet little used methods. It is especially appropriate 
that discussions of methods for isotope estimation should be included in these volumes 
in view of the probability that so much use will be made of these elements in organic 
and biological studies in the near future, 

D. R. Brig(;s 

Division of Agricultural Biochemistry 
University of Minnesota 
University Farm, St. Paul, Minnesota 

Enzymes and Thw Role in Wheat Technology, ICclited by J. A, Anderson. Ameri¬ 
can As^ciation of Cereal Chemists Monogniph Series. Vol. I* ix -f 371 pp, 

Interscience Publishers, Inc*, New York, N* Y. 1946. Price $4.50. 

The first volume of this new monograph series incorporates an unusual feature: 
namely, each enzyme class that is reviewed is presented first from the viewpoint of 
basic enzymology and secondly, in a twin chapter under a different authorship, from 
the more specific viewpoint of wheat technology. The chapters dealing with basic 
enzymolopr are not limited to cereal enzymes but rather present the broad character¬ 
istic of the enzyme classes discussed. The classes of enzymes reviewed are properly 
limited to those of greatest interest to cereal chemists—amylases, proteases, lipases, 
oxidases, and the fermentation enzvmes. 

The chapter on the general chemistry of enzymes by Sandstrom has no com¬ 
panion chapter. This condensed chapter will be of interest primarily to those who 
have little knowledge of enzymology. It is necessarily incomplete. 

^ The first <Aapter on amylases by Caldwell and Adams reviews higher plant, 
9xxaxm^Aspernllus arysae, and bacterial amylases and (briefly) phosphorylase* The 
more than 300 references cited were selected to emphasize the vari^ character and 
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modes <»f action of the anw h^ses. The companion chapter by Kneen and Sandstedt 
critically discusses aiuvlases in millint* and baking technology. The enzymologist as 
well as the technologist will find this chapter interesting. 

The ch«ipter on cster.ises by Longcneckcr concerns chiefly lipolytic esterases. 
Unexpected in a review of this type but ol interest to many is a valuable discussion of 
nioth(Kls of measuring esterase activity. Thu t^^in chapter by Sullivan relative to 
esterases (lipases and phosphatases) in milling and baking nitikcs a plea for more 
fundamental experimental data. The phylase-phytin-calcium system is interestingly 
reviewed. 

An excellent pedagogical discussion of classes or types of oxidizing enzyme sys¬ 
tems is given by Barron. The companion chapter by Sullivan concerns the occur¬ 
rence of oxidizing enzymes in wheat rather than their relation to wheat technology, 
doubtless because of the dearth of definite information concerning sudi relation. 
However, in discussing the opdation-reductioii sy^stems in flour and dough and in 
discussing lipoxidasc the possible relation of enzymes to aging and improving flours 
is c<msidered. 

The stimulating review of proteases by Balls and Kies emphasizes the over-all 
enzymic characteristics as well as the specificity of the proteases. Proteinases and 
peptidases of plant, animal, and microbial origin receive attention and serve to illus¬ 
trate the basic principles encountered in protease research. The companion chapter 
by Hildebrand concerns the role of proteases in baking. A clear presentation of the 
controversy concerning the mechanism by which oxidizing agents exert an *'improv¬ 
ing’* action in bread baking is given. It is concluded that the bulk of evidence favors 
a direct action of oxidizing agents on flour proteins rather than an indirect effect 
involving enzyme inactivation (or, inversely, activation). Indeed, the possibility 
that proteases play a part in baking, even including proteases of malted wheat, yeast, 
and insects, has dwindled to such a minor or at best inconclusive stature that, without 
meaning any criticism, this chapter might have been entitled, "The Lack of Role of 
Proteases in Baking." On the other hand, it is unlikely that die controversy is dead. 

The last two chapters concern fermentation: "The Mechanism of Alcoholic 
Fermentation" by Werkman and "Yeast Fermentation" by Atkin, Schultz, and Frey. 
Knowledge of the 10 to 13 main steps in alcoholic fermentation, which are described 
clearly by Werkman, prepares the reader in part, at least, for the large measure of 
control procedures necessary in panary yeast fermentation. Thus, temperature, pH, 
acidity change during yeast fermentation, sugar concentration and type, phospnate 
and sulfate, magnesium and potassium, nitrogen type, vitamins, and toxic substances 
are considered. This chapter and perhaps the chapter on amylases in milling and 
baki^ technology will bo of greatest interest to technologists. 

The contents of the book are derived in the main from literature available before 
1944—this reviewer noted only an occasional 1944 and no 1945 references. Fortu¬ 
nately, the basic nature of the information presented minimizes this failing. Mis¬ 
statements, misprints, and omissions are relatively few and do not significantly lower 
the quality of the work. 'Fho book is a valuable one on basic enz 3 mioIogy as well as 
a valuable source of information on the role of enzymes in wheat technology. Useful 
author and subject indexes are included. References are given by title as well as 
by author. 

Hans Lineweaver 
Berkeley, California 


Currents in Biochemical Research. Edited by D. E. Green. 500 pp. Interscience 
Publishers, New York, N. Y. 1946. Price $5.00. 

The purpose of this book, as ajDlly stated in the preface, is “an attempt by some 
thirty research workers to describe in as simple a language as possible ^e im^rtant 
developments in their owm fields and to speculate a little on the most likely paths of 
future progress." The success of most of the contributors in attaining this objective 
makes the book both interesting and stimulating and a useful contribution. It is 
difficult to give in clear and simple language an accurate evaluation of advances in a 
technical field. Consequently, several of the essays^ resemble review articles in¬ 
tended for the specialist. The essays cover far too wide a field for the reviewer to 
attempt an appraisal of the adequacy of their content. However, the reputation of 
the contributors should insure the authoritative nature of the presentations. ^ 

The contents are as follows: 1. G. W. Beadle, The Gene and Biochemistry. 
2. W. M. Stanley, Viruses. 3. H. Gaffron, Photosynthesis and the Production of 
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Organic Matter on Earth. 4. Ren6 J. Dubos, The Bacterial Cell. 5. D. R. Hoag- 
land. The Nutrition and Biochemistry of Plants. 6. C. A. Elvehjem, Biological 
Significance of Vitamins. 7. Karl Folkers, Some Aspects of Vitamin Research, 
8. Donald D. Van Slyke, Quantitative Analysis in Biochemistry, 9. Joseph S. 
Fruton, Enzymic Hydrolysis and Synthesis of Peptide Bonds. 10. Fritz Lipmann, 
Metabolic Process Patterns. 11. David E. Green, Biochemistry from the Stand¬ 
point of Enzymes. 12. Severo Ochoa, Enzymic Mechanisms of Carbon Dioxide 
Assimilation. 13. B. A. Houssay, Hormones. 14. Leonor Michaelis, Fundamentals 
of Oxidation and Reduction. 15. Herman M. Kalckar, Mesomeric Concepts in the 
Biological Sciences. 16. Max A. Lauffer, Viscometry in Biochemical Investigations. 
17. D. Rittenberg and David Shemin, Isotope Technique in the Study of Inter¬ 
mediary Metabolism. 18. Karl Meyer, Mucolytic Enzymes. 19. Konrad Bloch, 
Some Aspects of Intermediary Metabolism. 20. Gregory Pincus, The Steroid Hor¬ 
mones. 21. Kenneth V. Thimann, Plant Hormones and the Analysis of Growth. 
22. David Nachmansohn, Chemical Mechanism of Nervous Action. 23. D. W. 
Woolley, Some Aspects of Biochemical Antagonism. 24. Rollin D. Hotchkiss, 
Chemotherapy: Applied Cytochemistry. 25. Arnold D. Welch and Ernest Bueding, 
Biochemical Aspects of Pharmacology. 26. Charles L. Hoagland, Some Biochemical 
Problems Posed by a Disease of Muscle. 27. C. H. Best, Physiology and Biochemis¬ 
try. 28. I. Fankuchen and H. Mark, X-Ray Diffraction and the Study of Fibrous 
Proteins. 29. Michael Heidelberger, Immunochemistry. 30. W. H. Sebrell, ^ial 
Aspects of Nutrition. 31. L. C. Dunn, Organization and Support of Science in the 
United States. 

Some variations in the editorial composition are apparent. They range in 
length from the tart, eight-page contribution by Heidelberger on immunochemistry’ 
to the broader twenty-four page discussion by Gaffron on photosynthesis. Some ot 
the articles have only a few selected references while others have much longer 
bibliographies. 

The reviewer was impressed by the manner in which some potentially complex 
subjects were presented, as in the articles on oxidation and reduction mechanisms 
and on X-ray studies of protein structure. Many of the essays, such as those of 
Dubos, Hoagland, Woolley, and Beadle, provoke interesting speoilation as to future 
developments. The essays by Rittenberg and Shemin and by Bloch on intermediary^ 
metabolism are both well written but overlap in many respects. 

The emphasis of the book is on the increasing store of fundamental biochemical 
knowledge, although various writers have dearly stated possible application of newer 
developments. In particular, Sebrell makes a strong plea for more application of 
nutritional knowledge. 

The book is commendably free from typ(^raphical errors; only a few were found 
in a careful reading. The print and binding are satisfactory. The book merits 
and undoubtedly will have a good reception. 

P.VUL D. Boykr 

Division of Agricultural Biochemistry 
University of Minnesota 
University Farm, St. Paul, Minnesota 


The Chemistry of the Carbon Compounds. Volume Ill. The Aromatic Com* 

E ounds. By Victor von Richter. Edited by Richard Anschiitz. Trans¬ 
ited from Volume II, part 2 of the 12th German edition (compiled by F. Arndt, 
A. Butenandt, F. Rochussen, R. Tschesche, A. Weissberger) by A. J. Mee. 
Elsevier Publishing Co., Inc., New York, N. Y. xviii + 794 pp. Price $15.00. 

This translation of the well-known text by Victor von Richter is a welcome and 
worth-while addition to our shelf of reference books on organic chemistry. The 
Chemistry of the Carbon Compounds has appeared in numerous German and English 
editions and has been a standard reference for many years. The present volume gives 
an exhaustive treatment of the field of aromatic compounds and maintains the high 
standards of previous volumes. Theoretical discussions are limited and not exten¬ 
sive and most of the material deals with the general preparations and properties of 
aromatic compounds. 

The book under review is a translation of the second part of the second volume 
of ihe twdfth German edition with the exception of the section on organic free radicals 
which has been shifted to volume IV. Unfortunately, the war hiw prevented the 
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translators from entirely revising and bringing this book up to date as in the case of 
previous volumes.^ The first SO pages have been revised by Dr. T. W. J, Taylor, 
but the remainder is a literal tianslation of the original German text without revisions 
or additions. Thus the literature is complete to 1936. 

The book is divided into two main sections: Part I, Mononuclear Aromatic 
Compounds, Benzene Derivatives (492 pp,); and Part II, Multinuclear Aromatic 
Compounds (220 pp.). In the first part there are chapters on the mononuclear 
benzene hydroairbons, halogen derivatives, nitrogen derivatives, aromatic compounds 
of phosphorus, arsenic, antimony, bismuth, boron, and silicon, phenyl metallic de¬ 
rivatives, sulfonic acids, phenols, quinones, phenyl paraffin alcohols and their oxida¬ 
tion products, and mononuclear aromatic compounds with unsaturated side chains. 
Part 11 is divided into three major divisions dealing with the phenyl-benzene group, 
polyphenyl paraffins, and condensed nuclei. There is an excellent subject index of 
79 pages but no author index. 

The arrangement of the book is good and the use of fine type in the descriptive 
sections permits the inclusion of more material than is indicated by the 794 pages. 
It is unfortunate that this treatise could not be brought up to date; nevertheless this 
volume, together with the others of the series, comprises one of the finest references 
available in the field of organic chemistry, 

Sidney E. Miller 
General Mills, Inc. 

Research Department 
Minneapolis, Minnesota 
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acteristics (Johnson, Shellen- 


berger, and Swanson).400 

Water 

distribution in (Baker, Parker, 

and Mwe). 30 

free and bound in (Baker, Parker, 

and Mize). 30 

Dried eggs, see Egg powder 


Egg powder 

Leavening properties (Jordan and 

Pettijohn). 265 

Spray-dried whole-egg in sponge 

cake (Jordan and Pettijohn).265 

Enzymes 

Assay methods, comparison of lique¬ 
fying and dextrinizing activity 

(Redfera and Landis). 1 

Extensibility of gluten, Stretchometer 
for measuring (Hlynka and Ander¬ 
son) . 115 

Extensograms 

Effect of cabinet and open trough 
fermentation (Sullivan and Rich¬ 
ards). 365 

For evaluating flours lor* specific 
uses (Johnson, Shellonberger, and 

Swanson). 400 

Of commercial flours, compared witli 
other physical dough tests (John¬ 
son, Shellenberger, and S^vanson). 400 
Extensograph curves, see Extenso¬ 
grams 


Farinograms 
Effect ot 

cabinet fermentation 

(Schoonover, Freilich, and Rod- 

fem). 186 

I (Sullivan and Richards) . 365 

open trough fermentation (Sulli¬ 
van and Richards).365 

protease inhibitors (Howe). 84 

h'or evaluating flours for specific 
uses (Johnson, Shcllenberg<‘r, and 

Swanson). 388 

Farinograph curves, atn; Fariuognnns 
Feeds 

Amino aci<l composition (Baum- 

garteii, Mather, and Stone). 135 

Ammoniacal uitrogen in (Sciimoll 

and Sclnnalz). 600 

Com tassels (hybrid) as adjunct 
(Van Lan(‘n, 1'anner, nn<l Pfoltfer) 428 
Microbiological assay of amino acids 
(Baumgaiten, Mather, and Slone) 135 
Nitrogen (ammoniacal) in (5^hmoll 

and Schmalz). 600 

Urea and ammoniacal nitrogen in, 
determination (Schnioll and 

Schmalz). 600 

Fermentation 

Cabinet 

as compared with open trough fer¬ 
mentation (Sullivan and Rich¬ 
ards). 365 

effects on bread characteristics 
(Schoonover, Freilich, aiul Red- 
fern). 186 


Fermentation (Continued) 

Effect on bread containing soy flour 
(Bayfield and Swanson) . . 104 

Open trough, as compared with cal)i- 
net fermentation (SuUivtm an<i 

Richards).365 

Flour 

Ainylograms ol commereLd flouis 
(Johnson, ShelhMibeiger, .iiid 

Swanson).410 

Baking quality, with blends ol soy 
flour (Finney). *>6 


Biscuit, see Biscuit flour 
Broinalcd 

assay, see Bromate in flour, cleLet- 
mination 

extraction of bromate with cfirl)on 
tetrachloride (Towner and 

Koelm). 64 

Cake, see Cake flour 
Cracker, see t'l.icker flour 
Diastatic activity, interpreted by 
amylograms (Johnson, Shellen- 

berger, and Swanson).410 

Effect of type on gas production and 
retention (Swanson and vSwaiison) 132 
Eighty percenl extraction, uutritivt* 

value (Jones and Moran). 218 

Evaluation for specific ust^s bv 
means of 

amylograms (Johnson, S1 i(4Umi- 

l)ei ger, and Swanson). 110 

extensograms (Johnson, ShelUm- 

berg(T, and Swanson).400 

faiinograms (Jolmson, Slu41eii* 

b(‘iger, and Swanson).iSS 

inixograms (Johnson, SlK‘lU‘n- 

berger, and Swanson). 388 

Extensograms of eoiinnerci*d llouis 
(Johnson, Shellenl>ergei, and 

Swanson).400 

Farinograms of commercial Homs 
(Johnson, Shellenl>ergei, and 

Swanson). 388 

Lipids, SCO Lipids in lioni 
Maltose value, see I^'lonr, l)iasl4»tic 
activity 

M<*chanism ol action ol oxidation 


and 1 eduction (Uowe). 81 

Micto-inilling technique with tlie 
Hohail grinder (h'inney nud 

Yama/akl).481 

Mill stiwims, sw' Wheat, Milling 
inictions 

Mixognims ol commercial flouts 
(Johnson, Shellenbeigcr, ami 

Swanson). 388 

Mold, quantitative <l(*tcrmiimlion 

(CUristensi'U). 322 

Nutritiv<‘ vjilue ol 80% <‘Mra<'tion 

(Jones and Momn). 248 

Pastry, s(H* l^istry Hour 
1^0 tease 

activity, effect ol bromate' (11 owe 

and Glick).3()0 

inhibitors, effect on dougli (luality 

(Howe). 84 

Protein 

content, A.A,C.('. chw:k Siunple 

service (Meredith).585 

quality, as exprt'ssed by wut<‘r le 
tention cainteity (bitmey ami 
Yamazaki). . 416 
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Flour {Continued) 

Semimicro-milling procecluir f<n 
Durum wh€*at (Fi^er and Mt‘re- 

dith). 565 

Soybean, see Soybean flour 
Soluble constituents (Baker, Parker, 

and Mize). 1* 

Thiamine content, A.A.C.C'. check 
sample service (Meredith).585 

Gas production in dough 
Apparatus for measuring (Working 

and Swanson). 210 

Effect of 

flour, baking formula, and amount 
of mixing (Swanson and Swan¬ 
son). 432 

oxidizmg agents (Swanson and 

Swanson). 500 

reducing agents (Swanson and 

Swanson). 590 

surface active agents (Swanson 

and Swanson). 590 

‘‘Inherent’' rates compared with 
“supplemented” rates (Miller, 

Edgar, and Whiteside).579 

Loaf volume affected by (Miller, 

Edgar, and Whiteside). 579 

Gas retention in dough 
Apparatus for measuring (Working 

and Swanson). 210 

Effect of flour, baking formula and 
amount of mixing (Swanson and 
Swanson).432 


Gasometer* Apparatus for measuring 
gas production and retention in 
doughs (Working and Swanson).. 210 
Gluten 

Effect of lipids on recovery (Tucker) 217 
Extensibility 

measuring machine (Illynka and 

Anderson). 115 

resistance to. measurement 

(Hlynka and Anderson). 115 

Quality, measurement with Stretch- 
ometer (Hlynka and Anderson).. ILS 
Testing device, Stretchometer 

(Hlynka and Anderson). 115 

Water-binding action in dough 

(Baker, Parker, and Mize). 30 

Glycuiin* In soybeatis, purity (Smil(‘y 

and Smith). 288 

Grain* see Ceretils and ceri^l products 


Macaroni 

Apparatus for making 50 gr.iiri 
sample lots (Martin, Irvine, and 

Anderson). 

Color 

eftecl of degrw and duration oi 
pressure (Sibbitt and Harris). . 
sx'orcs, comparison of tubular and 
disc (Sibbitt and Harris). . 
Effect of prc‘ssiire 
on color (Sibbitt and Harris) . . 

on air bubble's in discs (Smith. 
Harris, jesperson, and Sibbitt). 
Light transmission, relation to air 
bubbles (Smith, Harris, Jesperson, 

and Sibbitt). 

Micro method for making (Martin, 

Irvine, and Anderson). 

Maize, see Com, Waxy maize 
Microbiological assay*of amino acids 
in feeds (Baumgarten, Mather, 

and Stone). 

Milk solids, used as bread ingredi^mt 
(Carlson, Ilafner, and Uaj'ward). 
Milling 

Small samples of wlieat 

(Finney and Yamazaki). 

(Fisher and Meredith). 

Semimicro procedure for wheal 
(Fisher and Meredith)... . 
Milling fractions, 8et» Wht'at, Milling 
fractionvS 

Mill streams, see Wlieat, Milling frac¬ 
tions 


568 


550 

550 

559 

471 

471 

568 

135 

305 

184 

565 

565 


Mixing 

Of dough, see Dough, Mixing 
Of ingredients, effect of method on 
cake quality (Tinklin and Nhil). . 155 
Mixograms 
Effect of 


density (Baker and Mize). 30 

occluded gas (Baker and Mize) . 30 

For evaluating flours for srurilic 
us(*s (Johnson, Shellenberger, and ^ 

Swanson).388 

Mixograph curves, sw Mixognims 
Moisture in soybeans, cfft'ct on resriira- 

tion (Milner and GecUl<*s).225 

Mold growth, (*ffect on respiration of 
soybeans during storage (Milium 

and Gtxldcs). 225 

Mold in flour, (luantitativc <letermina- 
tion (ChristenvMcii).322 


Heating, Spontaneous, si'e Spontane¬ 
ous heating 

Hobart glider, use in micro-milling 
technique (Finney and Yamazaki) 481 
Hybrid corn, see Com, Hybrid 


Leavening property, of spniy-dried 
whole^g powder (Jordan and 

PettijohiS. 265 

Lipids, In flour, effect on gluten re¬ 
covery (Tucker).217 

Loaf volume 
Effect of 

gassing rate (Miller, Edgar, and 

Whiteside). S79 

soy flour additions to wheat flour 

(Finney). 96 

Water retention capacity as index 
(Finney and Yamazaki). 416 


Hicotinic acid in Egyptian rice (Pric('). 318 


IHtrogen 

In fe<*d8, determimition ol uica 
and ammoniacal (Schmoll and 

Schmalz). 600 

In soybean protein (Smiley and 

Smith). 288 

FTutritive value 

Bread, improving witii dried milk 
solids and soy flour (Carlson, Haf- 

ner, and Hayward). 305 

Flour, 80% extraction (Jones and 

Moran). 248 

Milling fractions composing 80% ex- 
traction flour (Jones and Moran). 248 
Of com protein as measured by zein 
content (Hansen, Briinhall, and 

Sprague). 320 

Of hybrid corn tassels (Van Lanen, 
Tanner, and Pfeiffer).428 
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Open trough fermentation, see Fer¬ 
mentation, Open trough 
Oxidizing agents, Mechanism of action 


on flour (Howe). S4 

Pastry flour 

Evaluation by means of 

extensograms Qohnson, Shdlen- 

berger, and Swanson). 400 

mixograms Qohnson, Shellen- 

berger, and Swanson).388 

Phosphorus in starch, nature of (Briggs 
and Hanig). 277 


Phosphorylases in com, role in forma¬ 
tion of starch (Bliss and Naylor), 177 
Photomicrographs 

Of devdoping wheat starch granules 
(Sandstedt).337 


(Sandstedt and Beckord).548 

Polysaccharides, see Starch 
Potato starch, see Starch, Potato 
Proteases 

Activity of milled fractions of wheat 

(Howe and Click).360 

In flour, effect of bromate (Howe 

and GUck).360 

Inhibitors, effect on dough quality 

(Howe). 84 

Proteins (see also individual proteins) 
Composition in hybrid com (Doty, 
Bergdoll, Nash, and Brunson) .. 199 
In com 

hybrid varieties 

(Curtis and Earle). 88 

(Doty, Bergdoll, Nash, and 

Brunson). 199 

zein content as measure of nutri¬ 
tional value (Hansen, Brimhall, 

and Sprague).329 

In flour 

A.A.C.C. check sample service 

(Meredith).585 

quality measured by water reten¬ 
tion capadty (Finney and 

Yamazald).416 

In soybeans, effect of extraction 
method on yield (Smiley and 

Smith). 288 

In wheat, distribution in central and 
pcriplieial zones of whole kernel 
(Morris, Alexander, and Pascoc). 540 
Proteolytic enzymes, sec Proteases 
Pyridoxine in Egyptian rice (Price)... 318 

Reducii^ agents, Mechanisin of action 

on flour (Howe). 84 

Respiration of soybeans, as atfccted by 
moisture and mold growth during 

storage (Milner and Gcd<U*s). 225 

Riboflavin in Egyptian rice (PrictO... 318 

Rice 

Egyptian, vitamin B-complex (Price) 318 
Thiamine content, effect of different 

methods of parboiling (Kik).529 

Vitamin B-complex of Egyptian 

(Price). 318 

Rust of wheat, see Wheat. Rust 

Sorghum 

Grains (Horan and Hcidcr). 492 

Starch, sec starch, Sorghum 
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Soybean 

Flour 

as bread ingredient 

(Carlson, Hafncr, »md Hay¬ 
ward). 305 

(Finney). 90 

baking equality in blends with 
spring wheat flour (Finney) ... 96 

cffe<± in breadmaking (Bayfield 

and Swanson).104 

Moisture in, effect on respiration 

(Milner and Geddes).225 

Mold growtli, effect on respiration 

(Milner and Geddes).225 

Protein, nitrogen content (Smiley 

and Smith).288 

Respiration during storage as related 
to moisture content and mold 

growth (Milner and Geddes). 225 

Storage 

biological and chemical factors 
involved in spontaneous heating 

(Milner and Geddes).449 

effect of moisture content on mold 
growth and respiration (Milner 

and Geddes). 225 

Sponge 

Cake, see Cake, Sponge 
Doughs, see Dough. Sponge 
Spontaneous heating of soybeans, bio¬ 
logical and chemical factors in¬ 
volved (Milner and Geddes).449 

Starch 

Com (see also Starch, Waxy maize) 
content of hybrid varieties (Curtis 

and Earle). 88 

phosphorus in, chemical nature 

(Briggs and Hanig).277 

role of phosphorylase in formation 

(Bliss and Naylor). 177 

Electrodialyzed, titration curves as 
a means of studying phosphoms 

(Briggs and Hanig).277 

Formation from glucose-l-phosphate 
by action of phosphorylase (Bliss 

and Naylor). 177 

Phosphorus in (Briggs and Hanij;).. 277 
Potato, phosphorus in, chemical 

nature (Briggs and Hanig). 277 

Sorghum, study on (Horan and 

Heider).492 

Titration curvw in < letter mining 
nature of phosphorus (Briggs and 

Hattig).277 

Waxy maiA^ 

its effect on bread staling (Noz- 
nick, Merritt, and Geddes).... 297 
r>iiosphor\’laae (Bliss and Naylor) 177 
Wheat 

amylases and amylase inliibitor of 
the developing kernel (Sand¬ 
stedt and Beckord).548 

development of granule in kernel 

(Sandstedt).337 

effect on bread staling (Noznick, 

Merritt, and Geddes). 297 

phosphorus in, chemical nature 

(Briggs and Hanig).277 

photomicrographic studies 

(S^dstw).337 

(Sandstedt and Beckord).548 

water-binding action in dough 
(Baker, Parker, and Mize).... 30 
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Storage of soybeans, effect of moisture 
content on mold j»rowtli nml 
lespimtion (Milner and Gc^ddes) 225 
Stretchometer for measuring gluten 
extensibility (Illynka an<l Andei- 


son). 115 

Thiamine 

Assay 

by ferricyiinide oxidation to thio- 

clirome (Watson). loo 

by fluorometric aiuilysis (ArnoUl). 521 
in flour, ex action nu^tliod foi 
fluorometiiw assfiy (Arnold)... 521 

In baking powder l)iscnits, eitivt ol 
ingredients on retention (Biiiint 

and Hutchins).512 

In flour, A.A.t\(\ check sample 

service (M credit h). 585 

In rice 

effect of soaking rough lice on 
milled product (Kik)., ,. 52*^ 

parboiled by dittenuit methods 
(Kik). 52“ 


In wh«it S(‘cdliiigs 
at different stages of gennination 


(iIofF<*r, Alcock, and (ieddes). . 7o 
diatributioii in organs during 
germination (Holfer, Alcock. 

and Geddes). 7o 

Oxidation by ferricyaiiide t(; thio- 

clurome (Watson). 106 

'I'hiodirome assay, factors influ<*nc- 

ing (Watson). loo 

Thioemome assay for thiamine, see 
Thiamine, Tliiochromc asssiiy 

Urea in feeds, determination (Schmoll 
and Sclimalz). 000 

Vitamin Bi, see Thiamine 
Vitamin Ba, see Riliollavin 
Vitamin Bs, see Nicotinic acid 
Vitamin B«, sw Pyrnloxiiu^ 

Vitamin B-complez in Egyptian rice 
(t*rice).318 

Water retention capacity as an iiKl(‘x of 
loaf voluim* and protein quality of 
liard njd winter wli<‘ats (Kiniu»y 
andYamazaki).410 

Wheat 

Asli, distriliiition in ^‘nltal and 
iw'riplieuil zone's ol whole Ui'tm'l 
(Morris, Alexander, and Pa«K-{M‘) 540 
< omiKwitionrti keiiu‘1 (Morris, Alex¬ 
ander, and Pascoej. 510 


Wheat (< \mthiued) 

Durum, Semimicro inilliim juoced- 


tire lor testing (Kisher ami M<‘re. 

ditlil . So.S 

G('iminaliag, fhi.uuinc ioiUeiil ,i( 
dilleii'iil stages (Holler, .\lcock, 

and G(‘'ld<‘S). ; p 

11.nd, (‘fleet ol Hour lipid' im ‘dul<'n 
let over' ( I'uckei) 217 

I ipids, on glub'ii t<'co\'«*iv 

t'l'uekei) . 217 

MicKMiiilling and lesiin*' (h'innev 

and Vaiua.aki). IXf 

Milling, see Mr ling 
Milling li.u'tions eomiiosing 80‘, 
exliaclion llor mrtrierit coril<‘iu 

(Joiu's.rnd M in) . 2 IS 

IMiospliotiis (‘onleni, (*h(vt ol leal 
,uid stern lasi Hiolf(‘i, tleddc''. 

and I eviiud . . 

Prifleii:, distiibulion in <'enti.d ainl 
periphet.d /oiu's ol the whole k<‘i. 

11(4 (fMorris, Alev.mder, .tad l*,ts 
<*o(*j., . .... . 540 

Proli'ases activitv in inilh'd Ir.n 
tions (,IIowe aiui (Jlwk) . . . 

HusI, (*llt‘(4 on phosphoruH rm't.rlt- 
olisin ot land n‘d spring (Holler, 

< i(*ddeh, and la'vdrK*). S2 

SoU, efl(Vt ol flour lipids on gliiltm 

r(\'ov(»ry (Tucker). 21/ 

Spring, hard 

baking <|u.diti<'s of l)l(‘nd8 with 

so> flout (ffiiuu'y). <»0 

(‘fleet of h'jtf and Ht(Mn rust on 
phosphorus metabolism (Hotter, 

< h‘ddes, a nd 1 awiiK*). 52 

Starch, s(v Starch, Wh(‘at 
T(‘ating, Si'iiirniu'ro milling prO' 
C(‘diir(‘ (KisluT and M<‘tedilh),... 565 
Thiamine, distribution in orgjtns 
during g<‘rmina(i(m (IlothT, A1 

cock, and (Jetides). 76 

\arreties, S(‘miiru(To milling pio- 
('(HluK' for iCHliug (h'lsher <ind 

Mer(‘dith). 56, 

Wiirt(‘r, hard, Water letiMiiron j.r 
parity .is an index to loal volirtm* 
pioteiir (fualitv H'umev tind 
S'amazakt).4l6 


Yeast, eiiect on bread coulatiriiig jury 
flour (UaylM'ld and Swnrrson) . UH 

Zein, n4.»tion to total crurr pudein 
(IhuiHfMr, Uriiirhall, and Sjuagtiei .126 

























